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PREFACE. 



The Proprietors of " Thompson's Tables/' impressed with 
their utility in affording the simplest and readiest methods 
of Finding the Time, and clearing the Lunar Distance, now 
offer to Navigators a new edition, with such alterations and 
additions as will be found to render them further useful 
in practice at sea. 

It may be essential to remark, with respect to the alter- 
ations, that nonje have been made affecting the principal 
objects of the work. They consist of a general adaptation 
of the references to the present arrangement of the Nautical 
Almanac. The substitution of the Sidereal Time Mean 
Noon for the Sun's Right Ascension, the former being less 
liable to error in reduction, and not requiring the Equation 
of Time to find the Mean Time by stellar and planetary 
observations ; the introduction of a shorter and simpler 
method of calculating Altitudes ; alterations in the arrange- 
ment of the letter press, by placing the second method of 
clearing the distance next to the first method, and the 
directions for finding the principal fixed Stars in the body 
of the work, instead of in an appendix. 



The additions are, a Rule for making use of the facilities 
afforded by the Nautical Almanac for reducing the Sun's 
Declination, &c., which will be found a shorter method 
than having recourse to Logarithms. 



* 
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A Rule to find the Sun's True AzimutL, at the same time 
with his horary angle, only two additional logarithms being 
required, which will be found convenient ; for, by observing 
the Sun's Magnetic Azimuth at the moment of taking the 
altitudes for time, the variation of the compass is obtained, 
and the sights are rendered available for the purpose of 
finding the latitude by double altitudes. No prudent navi- 
gator will leave the determination of his latitude to the 
single chance of the Sun's meridian altitude. 

An Example, to find the error and rate of a chronometer 
by lunars, and the bearings of land. Some remarks upon 
the sextant and chronometer, and an Example to find the 
time for longitude by chronometer, by the Moon's altitude, 
when the Sun is near to the meridian, which will.be found 
useful in high latitudes, when the Sun has been clouded 
previously, and where the Sun's motion is too slow to obtain 
time by altitudes taken at a short interval on both sides of 
the meridian. 

The Tables have been carefully revised, and the very few 
errors found in them have been corrected. The Tables of 
Secants and Sines have had their proper logarithmic titles 
afiixed, to render them easier to be referred to in certain 
cases, and three tables, A, R, and P, have been added to 
facilitate finding the mean time by observation of the Stars 
and Planets. 

The whole of the subordinate calculations have been intro- 
duced in a sufficient number of the Examples to afibrd 
references for learners. The experienced navigator knows 
when and where he can omit or curtail, and performs much 
of the subordinate work mentally. 

It is earnestly recommended to the Masters and Mates of 
the Merchant Service to familiarize themselves with the 
lunar method of determining the longitude, instead of blindly 
trusting to the unchecked performance of a chronometer. 
This remark is not made to disparage that most excellent 
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piece of mechanism ; but, to point out a positive duty^ the 
neglect of which too frequently leads to disaster, particularly 
as circumstances frequently arise, such as a chronometer 
chain, or a spring, breaking, which throw the navigator upon 
his own resources. Then it is that the man who has been 
industrious, feels confident in the result of his observations ; 
whilst, on the contrary, the idler blunders on in a fever of 
apprehension. Several instances have come to the writer's 
knowledge, where ships have been hove to at night, and an 
anxious look out kept for several days before the land was 
made, in consequence of this duty having been neglected. 

It is also necessary to practice finding the latitude by the 
meridional altitudes of the Stars and Planets, and by the 
North-pole Star when out of the meridian, according to the 
method which is given in the Nautical Almanac (pp. 589 and 
690). Ample directions are given in this work for finding the 
principal Fixed Stars, and the rule for working the Latitude 
by them. It frequently happens, when near the British 
Islands, as well as in other parts of the world, that the Sun 
is obscured at noon, though the night may afibrd many 
opportunities of determining the latitude ; but, without 
practice, the navigator can place little confidence in his 
observations of the Stars. The Latitude by Stellar observa- 
tions, serves as a check also, on that obtained by the San, 
and will help to detect a misapplication of the Sun's decli- 
nation. 

It is confidently hoped that the simplicity of the methods 
of calculation, and the excellent arrangement of the tables, 
will continue to this work the patronage it has so long 
enjoyed ; though, perhaps, it is unnecessary to remark upon 
the merits of a work which has gone through so many 
editions, the statement of the fact being a suflBicient guarantee 
for its value. 

BOULTER J. BELL. 

liOndon, 184o. 
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INTEODtTCTION. 



To prevent ambignify in working the Examples, given io iffusirato 
the use of the Tables^ the reader is requested to attend to the fol- 
lowing Remarks : — 

1. By the apparent time at Greenwich is always meant the apparent 
astronomical time at that meridian^ and by mean time at Greenwich 
the mean astronomical time is to be understood. 

3. When the estimated civil or nautical time is given at any meri- 
dian^ it is first reduced to the estimated astronomical time at the given 
place^ to which the longitude of that place in time being applied by 
addition or subtraction^ according as the longitude is west or east, the 
estimated astronomical time at Greenwich is obtained ; and to this time 
all the articles required from the Nautical Almanac are always 
reduced^ because, they are calculated for that meridian.t 

The term ^' Greenwich Date/' instead of Greenwich time, adopted 
by Inman and Baper in their works upon Nautical Astronomy, is 
more definite than the old term, and is therefore made use of in the 
following pages, to express that moment of time at Greenwich, simul- 
taneous with any given date, at any other meridian, including the 
year, month, day, &c. 

8. As the civil time is 12 hours in advance of the astronomical 
time, that is, the astronomical day commences at the noon of the civil 

t The above remark shews, that it is of the utmost consequence, when without 
a Chronometer on board, that the time at Ship should be strictly attended to, as it 
is an element in every calculation, (except the correction of the Sun's declination 
for apparent noon, and the sidereal time at mean noon.) 

When there is a Chronometer on board (having its error and rate), the Greenwich 
date will, in all requisite cases, be found most conveniently, by noting the time 
shewn by Chronometer at the moment of any observation, such as, in the method 
of finding the latitude by die Polar Star, out of the meridian, given in the Nautical 
Almanac, (p. 589>) &c. 

d' 



day, of the same date, it is plain that when the given civil time is in 
the afternoon, or P.M., it answers to the astronomical time of the 
same date ; but when the given civil time is before noon (or A.M.), 
we must add 12 hours to it, the sum will be the astronomical time for 
the day of the month preceding the given civil day. For example, 
5h. 30m. P.M. civil time, on the 10th of May, is 5h. 30m. astrono- 
mical time of the same date. But 5h. 30m. A.M. civil time, on the 
10th of May, is 17h. 30m. astronomical time, on the 9th of May ; for 
the 9th day of the month, according to astronomical time, commences 
at the noon of the 9th civil day, and ends at the noon of the 10th 
civil day (the hours being reckoned up to 24 ), and 5h. 30m. A. M. 
of the 10th, is 17h. 30m. from noon on the 9th. 

4. The astronomical day begins at the instant that the fnautical day 
(of the same date) ends, consequently nautical time is always 24 hours 
in advance of astronomical time ; therefore, to turn nauticfd time into 
astronomical time, we have only to reckon the hours from the pre- 
ceding noon, and then change the date to the preceding day. Thus, 
5h. 30m. P.M. nautical time, on May the lOtb, is 5h. 3()in. astro- 
nomical time, on May the 9th ; and 5h. 30m. A.M. nautical time, 
on May the 10th, is 17h. 30m. astronomical time on May the 9tb, 
and so on. 

5. The Ttoon of the astronomical day is at the instant that it begins, 
and the noon of the nautical day is at the instant when it ends ; and 
as both these take place at the noon of a civil day, of the same date, 
it is plain that the same noon answers for any given day in either of 
the three methods of reckoning time. 

6. The observed altitude, or the observed distance, is the angle 
given by the instrument used in taking the observation, allowing for 
the index error, if any. Thus, if the distance measured by a sextant, 
which has an index error of 2' 40" additive, be 84° 21' 50", the ob- 
served distance will be 84° 21' 50" + 2' 40", or 84° 24' 30''. But if 
the index error of the sextant were 2' 40" subtractive, and the same 
angle measured by it, then the observed distance would be 84° 21' 50" — 
2' 40", or 84° 19' 10". 

7. The apparent altitude of an object is found by applying its semi- 
diameter, and the dip of the horizon,} to its observed sdtitude. The 
dip is always subtractive. The semidiameter is to be added or sub- 
tracted, according as the lower or upper limb of the object has been 
observed. 

8. The semidiameter of the Sun is found in page II. of the 
month in the Nautical Almanac, that of the Moon, in page III. 



t Nautical time has been generally abolished as inconyenient, the only advantage 
it possessed, was finishing the " day^s work/' and date together. 

X The dip or depression of tbe horizon is contained in Table II. 
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for every 12 hoars ; namely, for noon and midnight, at Greenwich, 
when the Moon's semidiameter is required for any intermediate time, 
a proportional part of the difference or variation in 12 honrs is to be 
applied to the semidiameter for noon or midnight: this gives the 
horizontal semidiameter, which is to be farther corrected by the aug- 
mentation from Table IV. {see the explanation of that Table.) The 
fixed stars having no sensible magnitudes, as seen from the Earth, 
are esteemed as mere lucid points ; hence, no allowance is to be made 
for semidiameter in observations of the Fixed Stars. 

9. The appareni distance between any two objects means the ap- 
parent distance of their centres, and is found by applying the semi- 
diameters of those objects to the observed distance, by addition, or 
subtraction, according as the nearest or farthest limbs have been 
observed. 

10. The triie altitude of the Sun, or a Star, is found by subtracting 
the correction in altitudef from the apparent altitude. The true 
altitude of the Moon is found by adding the correction from Table 
XXI. to her apparent altitude, the true altitude of a Planet by 
deducting the parallax in altitude (Table P.), from the refraction 
(Table VI.), previously to subtracting the refraction from the appa- 
rent altitude of the Planet. In correcting a lunar distance, by the 
first method given in this work, the apparent altitudes only are used. 
In finding the time, the true altitude of the object is always used. 

11. The Moon^s horizontal parallax which is required to find her 
true altitude, and to clear the lunar distance, is found on page III. 
for the Month in the Nautical Almanac, and should be taken out at 
the same time with her semidiameter, and corrected in the same 
manner. The Planets' horizontal parallaxes and semidiameters are 
found on the right-hand pages of the month for each Planet in the 
Nautical Almanac. 

12. llie polar distance of an object is its distance from the elevated 
Pole of the observer. Hence, when the latitude of the place of ob- 
servation, and the declination of the observed object, are both of the 
same name (that is, both North or both South), the difference be- 
tween 90° and the declination is the polar distance ; but when the 
latitude of the place, and the declination of the object, are of con- 
trary names, the smn of 90° and the declination of the object is its 
polar distance. 

13. The Sun's declination is found in pages I. and II. for the 
month in the Nautical Almanac for apparent and mean noons. The 
Moon's declination is given for every hour, in pages V. to XII. for the 
month. The Planet's declinations for mean noon every day are 
found under their respective names in the same work, also, the 
declinations of 100 Fixed Stars for the Ist January of each year^ in 

^ Table VI. contains the correction of the apparent altitude of the Sun or a Star. 



pages 432 to 434, with their annual variations. The following 
method of rcdacing {see Art. 2,) the Sun's decimation will befoun4 
phort and simple. Take out the declination fof the noon nea^rest to 
the Greenwich date, from page I. or II. for the month, according as 
the Greenwich date is in apparent or mean time. If the Greenwich 
date be before the nearest noon, take the ^i^^^^i^ce for one hour 
annexed to the preceding noon, to redfice the declination to thp 
given intermediate interval. If the Greenwiph date be after the 
nearest noon, take the differenoe for one hour ani^ex^ to tl^e de<^* 
nation taken out to effect the reduction. The difference for one hour 
multiplied by the hours anid partsf of an hour from the nearest noon, 
will be the quantity requisite to reduce the declination to the given 
interval from noon, to be adde4 to or subtracted from the dedinfi- 
tion taken out, according as the declination is increasing or diecreasing, 
or as the Greenwich date precedes or follows the nearest noon. The 
differences for one hour on page I. Nautical Almanac are to be used 
for their respective articles on page II. 



EXAMPLE. 

In LoDg. 15° W. required the Q's ded. date M. T., (Astronomical.) 
d. h. m. 
1844, December . . 3 3 10 Diff. for 1 hour 3d Gwh. D. bdng after noon 20'^ 25 
Long, in time W* • 4* 1 h. m. 

Interval from noon ^ ^ ip 



Gwh. D. in M. T. . 3 4 10 



10m. = ^ of 1 hour di ff. 20^^25 81 00 

divide by 6 =z 3 37 



Amount of reduction 1 24 37 

Decl. S."* incg. p. II. N. A. for noon 3d 22^3 10" 43'' 6 

Add the reduction decL incg. and Owh. D. after noon . . . +1 24 4 

Decl. required 22 ^2 8 

In Long. 15° W. required the 0*8 decl. date in M. T. (Astronomical) 

d. h. m. 
1844, December ... 2 18 50 Diff. for 1 hour 2d Gwh. D. before noon, 21'' 33 
Long, in time W. . . . *f 1 00 Interral firom «ooii ..... . . x 4 10 

Sttbt. from 24h. Gwh. D. 2 19 50 10m. | di ff. 21'^ 33 85 32 

divide by 6 = 3 55 

Interval before noon,3d.> ^ j^ ■ 

being the nearest noon | Amount of reduction . . . 1 28 87 

Decl. S° incg. p. tl. N. A. for Noon 3d. being nearest noon . 22° lO' 43'' 6 
Subt. the reduction decl. incg. and Gwh D. before Noon 3d. . . — 1 28 9 

Decl. required 22° 9 14 7 

14. The equation of time, lyhich is required to convert apparent 
time into mean time^ and the'contrarj^ is found on pages I. or II. 
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= 


I 

TO 






10m. = 4 of an hour. 
I2m. = 1 „ 

] 5m. = 1 „ 

20m. =: ^ M 



for the months in the Nautical Ahnanac^ and should be taken out 
with the Sun's declination and semidiameter. The same method of 
reduction to other dates and meridians is applicable to both equation 
of time and declination^ as the differences for one hour of equation 
of time are given. 

15. The sidereal time at mean noarij, which is required to find the 
meauL time^ from observations of the l^oon^ Planets^ or Fixed Stfirs, 
is found on page II. of the month in the Nautical Almanap* {t is fx> 
be taken out for the given astronomical day at the place of observa- 
tion^ and to be reduced to that meridian by applying the acceleration 
for longitude^ as directed in Table A^ which contains the acceler- 
ation. 

16. The right ascensions of the Moon^ Planets^ and Stars^ also 
requ^ite for finding the mean or apparent tiipe^ by either of these 
bodies^ are found at the same places in the Nautical A|manaC| ifitl| 
their respective declinations^ and should be talf ^n out at the saaifi 
time. The right ascension of the Moon being given for every hour^ 
the proportional part for any intermediate portion of time is easily 
obtained^ by finding the difference between the right ascension for 
the hour given^ and the right ascension follpinng^ and taking one- 
third, or one-fourth, or one-sixth, &c., of the difference as may be 
required. Ample explanations are given at pages 582-3-4 in the 
Nautical Almanac for reducing the right ascensions and declinations 
of the Planets and Fixed Stars, to which refer. 

17. When the Sun's right ascension is required, it is to be taken 
from pages I. or II. in the Nautical Almanac, according as the 
Greenwich date is in apparent or mean time ; and as the d^erences 
for one hour are given, it can be reduced in the same manner as the 
declination. 

18. The fraction of the year which is requisite for taking a propor- 
tional part for any date during the year, of the annual variations of 
the right ascensions and declinations of the Fixed Stars, given in the 
Nautical Almanac, is found on page XXII. for the month therein. 

It is strongly recommended to young Navigators to make them- 
selves well acquainted with all the explanations given in the Nautical 
Almanac, as well as the explanations of the Tables given in this 
work. 
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PROBLEM I. 

Given the Latitude of a Place, together with the Sun's True Altitude 
and Declination ; to find the Apparent Time of Observation ; the Sun's 
True Azimuth, and the Mean Thne. 



RULE. 
To find the Apparent Time. 

1. Add together the Siin^s altitude, the polar distance, and the 
latitude of the place of observation; find the half sum, and the 
difference between the half sum and the Sun's altitude. 

2. To the logarithm of the polar distance, add the logarithm of 
the latitude and the logarithms of the half sum and difference, the 
sum of these 4 logarithms will be the logarithm of the apparent time.f 

To find the Azimuth. 

3. Take the difference between the half sum (already found), and 
the polar distance, call it Az. 

4. Add together the secant of the altitude, the logarithms of the 
latitude and half sum (already found), and the cosine of Az. The 
sum of these 4 logarithms will be the logarithm of the Sun's true 
azimuth in time to be taken from the top of Table XIII., which 
convert into arc, by Table I. 

5. This is to be reckoned from the South in North latitude, from 
the North in South latitude. Towards the East in the morning; 
the West in the afternoon. 



EXAMPLE I. 

Suppose the Sun's true altitude, west of the meridian, is 34° 0', his 
declination 10° 0' N. and the latitude of the place of observation 
42° 0' N. required the apparent time of observation and the Sun's 
true azimuth? 

f Table XI. contains the lofi^arithms of the latitude and polar distance, being a 
tabLs of secants and co-secants ; Table XII. the logarithms of the half sum and 
difference, being a table of cosines and sines ; and Table XIII. the logarithms of 
the apparent time, or horary angle. 
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Sun's true altitude - - 34^ (X 

Sun's polar distance - - 80 Log. 000665 

Latitude 42 Log. 012893 

Sum 156 

Half sum 78 Log. 4-31788 

Difference 44 Log. 4-84177 

Az. 2 

Apparent time, P.M. dh. 31m. Os. Log. 9*29523 
© True azimuth S. 71° W. = 4h. 44m. Os. = 



Sec. 0*08143 
012893 

4-31788 
Cos. 4-99974 



9-52798 



EXAMPLE II. 

In latitude 33° 66' S. the Sun^s true altitude, observed East of the 
meridian, was 24° 58', and his declination at the same time was 
2° 44' N. ; required the apparent time of observation and the SunV 
true azimuth ? 



Sun's true altitude - - 24° 58' 

Sun's polar distance - 92 44 Log. 00049 

Latitude 33 56 Log. 0-08109 

Sum 151 38 

Half sum 75 49 Log. 4-38921 

Difference 50 51 Log. 4-88958 

Az. 16 55 

Apparent time - - 20h Um. 8s. Log. 9-36037 
© True azimuth N. 67° 52' E. = 4h. 31m. 29s. = 



Sec. 004261 
0-08109 

4-38921 
Cos. 4-98079 



9-49370 



If civil, or nautical time be required, when the Sun is observed east 
of the meridian, reject 12 hours from the astronomical time. Thus, 
the civil or nautical time in the last Example, would be 8h. 11m. 8s. 
A. M., observing that when the date of the astronomical day is given, 
the date of the civil or nautical day will be one day farther advanced. 
In the practice of the lunar observations, the mean astronomical 
time at the place of observation is always to be found. 



To find the Mean Time. 

Having obtained the apparent time, apply to it the reduced 
equation of time, as directed in page I. for the month in the Nautical 
Almanac. The result will be the mean time required. {See Art. 
2 and 14.) 
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PROBLEM II. 

Given the True Altitude of a Fixed Star, together with its Bight 
Ascension and Declination, the Latitude of the Place of Observation, 
and the Sidereal Tirne at Mean Noon, to find the Mean Time when the 
Altitude is observed. 

RULE. 

1. With the latitude of the place^ the Star's true altitude and de- 
cliuation^ find the Star's horary distaiice west of the meridian^ in the 
same manner as the Sun's horary angle is found by Problem I. 

3. To the tompletient^ to 24 hours^ of tbe sidereal time at mean 
noon^ add the right ascension of the Star> and its horary distance 
west Qfi the meridian ; the sum, rejecting 24 or 48 hours if necessary, 
will be the time from noon, in sidereal hours, minutes, &c., from 
which subtract the retardation (Table R.), the result will be the mean 
time required. 

EXAMPLE I. 

In latitude 83° 51' N. the true altitude of Regvlus, observed west 
of the meridian, was 89° 21' ; the Star's declination was 12°.5(y N. ; 
its right ascension 9h. 58m. 51s.; and the sidereal time at mean 
noon 3h. 22m. 8s. : required the mean time of observation? 

•'s True alt. 89^ 21' 
•'s Polar dist. 77 10 Log. 0-01099 
h. m. 8. Latitude 33 51 Log. 0-08066 

24 

Sid. time at M. N. - - 3 22 8 Sum - 150 ?2 

Half sum 75 11 Log. 4-40778 

Comp. of Bid. T. at M. N 20 37 52 Difference 35 50 Log. 476747 

•'s R. A. - - - - + 9 58 51 — 

f's Dist. W. of merid. + 3 23 44 Lo^. 9-26690 



Sum.— 24b.=Sid. h. &c. 10 27 c ^{\\. tj — t«, qq« qa 
iietardation - - - - — i jjy| i „ p — 07 

Mean time required - - 9 58 49 

EXAMPLE il. 

In latitude 28° 81' S. the true altitude of Rigel, observed East of 
the meridian, was 28° 42'; the declination of the Star being 8° 25' S., 
and its right ascension 5h. 5m. 55s.; the sidereal time at mean 
noon 12h. 49m. 31s. : required the mean time when the altitude 
was observed? 

t The decimal parts are rejected^ being less than half a second. 
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♦>TwiiU. a8° 42' 
*'8 Polar dist. 81 35 I<og, 006^0 
h. m. s. Latitude 23 31 Log. O-OS^Bd 

24 

Sid. time at M. N. - —12 49 31 Sum - 133 48 

— - — ^ Half sum 66 54 Log. 4-59366 

Comp. of eid, t. at M. N. 11 10 29 Difibreuce 88 12 tog. 4-791'28 

♦'sR.A. . - - - -h 5 5 55 

♦'s Dist. W. of merid. +19 50 51 Log*9'4e73b 

Sum-24h.=Sid. h. &c. 12 7 15 C 12h. R. = Im. 57s. 96 
Retardation - - - - 1 59 <7m. '' = 1 15 

n5s. '' = 04 



Mean time required - - 12 5 16 

Shofuld apparent time be required; apply the equatlcm of timQ« aa 
directed on p. 11,, Nantiqai Almanac^ to the mean time obtained; 



BSMARKS. 

I. Tbe method here given of deducing the mea^ time from the 
meridian distance of a Star is somewhat different from that usually 
given, but the result is the same in both methods. The following is 
the Ruk gen&P9liy giren* 

When the Star is observed East of the meridian, subtratt its horary 
distance from th0 meridian from its right ascension^ increased by 24 
hours, if necessary ; the remainder will be the right ascension of the 
meridian. When the observation is made West of the meridian, add 
the right ascension of the Star to its meridian distance, the sum will 
be the right ascension of the meridian. 

From the right ascension of the meridian, increased by 24 hours, 
if necessary^ subtract the Sun's right ascension \ the remainder will b^ 
the apparent time of observation. Apply the equation of tixne to the 
apparent time, as directed in the Nautical Almanac, p. I., the result 
will be the meaiyime required. 

II. When a Star is observed West of the meridian, it is plain that 
its horary angle, reckoned west of the meridian, is less than 12 hours : 
But if a Star* be observed East of the meridian, its horary angle, reck- 
oning westward of the meridian, must be greater than 1 2 hours, for 
in tins case it is the complement to 24 hours of the Stars horarj^ dis- 
tance East of the meridian; therefore, when the Star is observed West 
of the meridian, the hours of the horary angle will be- found at the 
top of Table (XIII.) ; but when the Star is obs^ved East of meridian, 
the hours of the horary angle must be taken frOm the bottom Of that 
Table, exactly in the same manner as the Sun^s horary angle is found. 

III. With the true altitude, the right ascension and declination of 

c 
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the Moon or any other Planet^ the time may be founds the same as hy 
a Fixed Star. 

PROBLEM III, 

Given the Apparent Distance of the Moon from the Sun, a Planet, 
or a Star, together tvith the Apparent Altitudes of the Objects, and 
the Moon's Horizontal Parallax : to find the True Distance, 



Method L 
RULE. 

1. To the logarithm of the Moon^s horizontal parallax^ add the 
logarithm of the apparent altitude of the Sun, Planet^ or Star^ and 
the logarithm S. of the apparent distance^ the Sum wiU be the 
logarithm of HhQ first correction. 

2. To the logarithm of the Moon^s horizontal parallax^ add the 
logarithm of the Moon's apparent altitude^ and the logarithm T. 
of the apparent distance, the siun wiU be the logarithm of the second 
correction.^ 

8. Take the third correction from Table XVIII. corresponding to 
the given apparent distance and altitudes. 

4. Add these three corrections to the apparent distance, the sum, 
rejecting 10 degrees, will be the true distance. 



EXAMPLE I. 

Let the apparent distance between the Moon and a Fixed Star be 
72° 0' 0' ; the apparent altitude of the Star 32° 0' ; that of the Moon 
26° 0', when the Moon's horizontal parallax is 59' 0" : required the 
true distance ? 

Moon's hor. par. 0° 59^ 0"Log. 0244 - ... * Log. 0-0244 
Star's app, alt. 32 Log. 0-7358 D'8App.alt.20°O' Log. 0-8182 

App. distance . 72 Log. S. 0-9782 Log. T. 1-4882 

First correct, -f 4 27 7 Log. 1-7384 

Second correct. + 58 24 Log. 2*3308 

Third correct. + 1 33 



Suiii^l0°=Traedi8.71 37 4 

t The logaritlims of tbe Moon's hor. par. are contained in Table XIV. ; those ot 
the apparent altitudes in Table XV. ; the logarithm S. and logarithm T. in Table 
XVI. ; and the logarithms of the first and second corrections in Table XVII. 



\ 
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EXAMPLE II. 



Suppose the apparent distance between the Sun and Moon to be 
86° 19' l(y, the Sun's apparent altitude 26° 3', that of the Moon 
66° 38'^ and her horizontal parallax 65' 47": required the true 
distance? 



Moon's hor. par 0°55' 4r'Log. 0-0488 Log. 00488 

Sun's app. alt. 26 3 — Log. 0-8174 D 's Ap. alt66°38' Log. 04972 

App. distance - 86 19 10 Log.S. 0-9991 Log.T. 2-1913 

First correct. + 4 35 27 Log. 1-8653 ■ 

Second correct.-!- 53 18 Log. 2-7373 

Third correct. + 2 10 

Siim-10*^=Truedi8.86 6 

K the distance in this Example were between the Moon and a 
Star^ the third correction would be 2' 18" ; but the distance being 
between the Sun and Moon^ the effect of the Sun's parallax on the 
distance is to be applied ; now this is found in Table P. to be 8" sub- 
tractiye^ the third correction is therefore 2' 10". 



EXAMPLE III. 

Let the apparent distance between the Moon and a Star be 
96° 36' 31" ; the apparent altitude of the Moon 32° 12' ; the Star's 
apparent altitude 47 82' ; and the Moon's horizontal parallax 54' 0" : 
required the true distance ? 

Moon's hor. par. 0°64' 0"Log. 00629 Log. 00629 

Star's app. alt. 47 32 Log. 0-5921 D'sap. alt. 32°12' Log. 0-7334 

App. distance 96 36 31 Log.S. 0-9971 Log.T. 1-9355 

First correct + 4 19 64 Log. 1-6521 

Second correct +45640 Log. 2-7318 

Third correct + 2 14 



Sum-l0^=Truedi8.95 55 19 



EXAMPLE IV. 



The apparent distance between the Sun and Moon being 41° 16' 25" ; 
the Sun's apparent altitude 46° 27' ; that of the Moon 21° 9' ; and 
the Moon's horizontal parallax 60' 35" : required the true distance ? 
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Iftoon's hor. p«r. (fWd^'Log. 00129 Lng. 00129 

Son', app. alt. 46 27 — log. (HSW ^b Ap. alt. 21^9' Log. 01IU27 

A|^. distance 41 16 £5 LQg.S.0 8ig3 Log.T. 0^432 

First correct + 3 ^ 26 Log. 1-4920 

Second correct +524S5 

Third correct + 1 41 



Los. 1-8388 



8iiB«iO'=Tnedi8 40 36 27 



Hie foUowing collection of Examples iriU be naefiiil as exercises in 

finding the tmo dirfamy. 
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The mark O signifies that the distance is between the San and Moon, and 
the mark * that die distance b between the Mooa aad a Scar. 



We shall now proceed to show the ^implication of Tables XX.^ XXI.^ 
XXII., XXm., XXIY. and XXV., to the clearing of apparent 
lunar distances firom the effects of parallax and refraction, lliis 
oi)eration cannot be performed by these Tables in quite so short a 
time as it maybe by Tables XIV., 'XY., XVl., XVII., and XVIII. ; 
but it is perhaps the shortest and easiest method that has yet been 
proposed, on the same principle. It is also strictly correct, and ap- 
plicable to all cases. 



I 
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RULE. 

L Find the difference of the apparent altitodee of the objects, and 
the corrections of their altitudes. 

II. To the correction of the apparent altitude of the Sun, Pknet, or 
Star, add the correction of the Moon's apparent altitude, the sum being 
added to the diflference of the apparent altitudes when the Moon has 
the higher altitude, or subtracted from the difference of the apparent 
altitudes when the fiun, Planet, or Star ha« the higher <Jtitu(le, irill 
giv« the difference of the trm aUUmiei. 

ni. find the i^etiwn iMtwemi the apparent dicAance and tb« 
difference of the apparent altitudes, and alao the 9¥m of the appa- 
rent distance and the difference of the apparent altitudes ; omitting 
the fiieeondt in the apperent distanoB* 

lY. l3o the logarithm of the Moon's apparent altitude add the 
logarithms of the difference and sum^ the simi of these three loga- 
rithms will be the log. of a natural number, to this number add the 
N.V.S of the difference of the true altitudesj this will give the N.V.S. 
of an arc^ to which add the seconds omitted in the apparent dis- 
tance, the sum will be the true distcmce. 



EXAMPLES. 

I. Let the apparent distance between the Moon and a Star be 
60° & 0\ the Star's apparent altitude 24° (T, and that of the Moon 
16° 0' when the Moon's hor. par. is 58' 0'. Bequired the true 
distance. 

star's ftpp. alt. . - - 24 App. dist. 60 

Moon's app. alt. - - 16 Diff. app. alts. 8 Log. }) 's app. alt. 4*299193 

Difference of app. alts. 8 Difference - 52 Log. 0-641842 

Corr, *'s alt 2 8 > ^ . «- Sum - - - 68 Log 0-747562 

Corr. D'salt. 62 28 J"^ *** ^ 

< N. Nam - - 488199 Log. • , . . . 5-688S97 

Difference of true alts. 7 5 24 N. V. S. . - 007647 

Arc 59 43 29 N. y. S. . . 495846 

Seconds omitted - - -j- 

True distance - - - 59 43 29 



mpose the apparent distance between the Sun and Mo(m is 
r, the apparent altitude of the Snn 59° i', the Moon^s ap- 



II. Su] 
70^ 6' 52V 

parent altitude 36^ 4ff and hor. par. 64' 50". Required the true 
distance. 



14 



// 



Sim't app. att. 



- 58 2 App-diat. - 70 5 52 



Moon's app. alt. - - 36 40 Difl:app.aHs. 21 22 Log. ]> '• app. alt. 4-297065 



Diff. of app. alts. - 21 22 Difrerenoe - 48 43 

Corr. ©'salt. 31? .• ,• Sam- - - 91 27 
Corr. D's alt, 42 42 J^ " " 

■ N. num. - 585248 

Diff. of trne alts. - 20 38 47 N. Y. S. - 064224 



Log. 
Log. 



0615363 
0-854911 



Log.- - 



- - 5-767339 



Are 69 28 49 N. y. S; - 649472 

Seconds omitted - - + 52 



Troe distance - . - 69 29 41 

K the Moon have the higher altitade, the correctioiis of the appa- 
rent altitudes may be added to the differences of the apparent alti- 
tudes for the purpose of finding the difference of the true altitudes, 
without first adding the corrections together, as is mentioned in Pre- 
cept I. of the Bule. Thus, in the next Example. 

HE. Let the apparent distance between the Sun and Moon be 
81° 23' 38', the Sun's apparent altitude 27° 43', and that of the 
Moon 48° 22' when the Moon's hor. par. is 58' 45'. fiequired the 
true distance. 



// 



// 



Son's app. alt. - -27 43 App.d]st. -8123 38 

Moon's app. alt. • - 48 22 Diff. app. alts. 20 39 Log. 2>'sapp.alt 4-295652 

Diff. of app. alts. - -20 39 Difference- 60 44 Log. 0*703749 

Correction of son's alt. -f 1 41 Sam - - 102 2 Log. 890605 

Correction of moon's alt. -f- 38 12 

N. nam. - 776258 Log. 5890006 

Difference of trne alts. 21 18 53 N. V. S. - 068403 



Are • • • . 

Seconds omitted 



-81 3 48 N. y. S. - 844661 
- -H 38 



Trne distlmoe 



- 81 4 26 



PROBLEM IV. 

To find the Mean Time at Greenwich, answerinff to a Given Drue 
Distance between the Moon and Sun, or one of the Planets or Stars 
used in the Nautical Almanac. 



RULE. 



1. In one of the pages XIII. &c. to XVIII., of the month in the 
Nautical AhoDanac, opposite to the given day, or to that which imme- 
diately precedes or follows it, find two distances of the Moon from 
the given object, between which the given true distance will fall. 
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2. Take out the firstf of these in order of time, the pro. log. 
between them (which is the pro. log. of their difference), and the 
three hourly interval at the head of the column in which the first 
distance is found. 

8. From the pro. log. (Table XIX.) of the difference, between the 
first true distance and the given true distance subtract the pro. log. 
taken out of the Nautical Ahnanac. The remainder will be the pro. 
log. of a portion of time, which, added to the three hourly interval 
taken out, wiU be the Greenwich mean time required (nearly). 

4. The Greenwich mean time thus found, is subject to a correc- 
tion on account of the inequality of the Moon's motion, called the cor- 
rection of second differences, the Table containing this correction, 
and the directions for applying it, are found on page 550, Nautical 
Almanac, example and instructions on pages 672-8-4, Nautical 
Almanac. 



EXAMPLE. 

1844. August 10th. True distuice of the Mdon from Japiter, . . 94'' 6' 10"' 

required the oorreiponding Greenwich M* T. 
d. h. m. ■. o I 11 

NJL p. XV., . . 10 3 First dis. 93 34 16 Pro. log. 2918 

Given dis. 94 6 10 



31 54 



Approximate interval 



1 2 27 



Approximate Gwh. M.T. 4 2 27 
Cor. from p. 550, N.A. + 3 

Greenwich M.T. reqmred 4 2 30 



Pro. log. 7515 
Pro. log. 4597 

X of pro. logs, in N. A. 10 decreasing. 



* As the description of the Sextant, &c. with instructions for taking 
the observations necessary in finding the longitude by the lunar 
method, may be found in all the modem works on Navigation, it has 
been judged unnecessary to enter fiilly into that subject here. The 
Sextant case should be a fixture for the voyage, in a position out of 
the way of carelessness, and where it can be opened easUy. It should 
be of that shape, size, and internal arrangement, to admit of the 
Sextant lying in it, with the Telescope screwed in ready for use, and 
the index at any part of the arc. All the tubes should be adjusted to 
the eye of the observer, and marked with a pencil or ink. The con- 
stant sUding in and out of a tube will slacken it so much, as scarcely 
to admit of its being touched without losing the focus. 

A Navigator should never allow another person to touch his 

f When the distance between the Moon and the object observed is increasing, 
the first distance in the Nautical Almanac will be less tlian the given true distance. 
When the distance is decreasing between the Moon and the object observed, the 
first distance in the Nautical Almanac will be greater than the given distance. 
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S^xtsu^' otherwise itB adjustment^ or enor, cannot be dep^ided on^ 
and' that perhaps at a moinent when most required. When running 
for land in unsettled weather^ and in want of 9ightB> those persons 
who have no cabin on deck^ wiU find it convenient to have a common 
deal box, secured upon a skylight, or elsewhere, out of harm's way, 
to hold the Sextant all ready for use, and set to an expdoted altitude. 
A few seconds become of importance near the land in ab uncertain 
climate. The Navigator^ who is methodical in bis arrangements> will 
obtain a $et of si^ts fbr time or latitude, before the man urtthout 
method gets his Sextant in hand. 

The index erroif of the Sextant lihould be aseert^ed hy the Sun's 
diameter, after observing distances, because a g^are at Kg^t unfits ther 
eye for the correct obi^ervation ofi a fioint^ ol^^ ^^ th» Moon. 

When reading^ off the Sextant, it should bb so held tibat the light 
may always fall upon the vernier in the same direction, both wheii 
ascertaining the index error and observing distances, particularly at 
night. A large error may arise by not attending to this point, as the 
position of the vernier alone fumisAles Hie liability to a paraUax. A 
person can become an expert and correct observer by practice 
only; tiierefore those who have not been accustomed to observe 
lunar distances, should not be discouraged, although their first 
attempts may not answer their expectations. By a steady perseve* 
ranee, with a due attention to the directions in the Epitomes of 
Navigation, it will be found that the lunar distances may, in ordinary 
cases, be as easily observed as common altitudes, and so correctly that 
the longitude deduced &om a set will seldom differ 10 milev flKrni the 
truth. Perhaps some of the following hints may be of service to 
those who are desirous at acquiring expertness in the practice of 
observing the lunar distances. 

1. When the Ship is pitching hard, the observer should place him- 
self as near the midships as possible, provided the objects can be seen 
in tliat situation; the motion there bemg modi less violent than it is 
near the head or stem ; if the vessel be sailing nearly before the wind, 
and rolling very much, it will be useful to brace forward the yards 
and alter the course a little, during the time of taking the observations. 
The Sextant. should be held as slack in the hand as is consistent with 
its safety } most observers at first grasp it too hard, which renders the 
handyery unsteady. 

2. When olwerving with theDtr^ Telescope, great care must be 
taken that the line ctf sight be parallel with the plane of the instru- 
ment, otherwise the observed distance will be too great ; the middle of 
the telescope should be set opposite to the middle of the transparent 
part of the horizon glass, and the observation made when the objects 
appear in this situation; for if the objects be observed too near either 
the inner, or outer side of the transparent i)art of the horizon glass, 
the observed distance will exceed the truth, therefore the least distance 
IS always to be observed. 
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8. When the Inverting Telescope is used, the observation is to be 
made when the objects appear in contact in the middle of the space 
between the wires^ these being placed parallel to the plane of the 
Sextant. This Telescope is in general to be preferred to the direct one, 
on account of its greater magnifying power : but an observer should 
accustom himself to the use of both, because, when the motion of a 
ship is very great, the distance may be more easily observed with the 
direct Telescope than with the inverting one. It appears rather diffi- 
cult to most people at first to observe with the Inverting Telescope, but 
practice soon renders its use, in ordinary cases, as easy as the other. 
When observing with this telescope, should the objects get out of the 
field of view, the Telescope must not be moved in the direction in which 
the objects appear to move but in the contrary one: for instance, 
suppose the Sextant is held in a vertical position, when the objects 
appear to go out of the field of view at the upper part of the Tele- 
scope, they actually go out at the lower part, therefore the object-end 
of the Telescope must be moved downwards to bring the objects again 
into the field of view. 

4. The best way to acquire confidence in the longitude, deduced 
from the limar distances, is to make a practice of finding the longi- 
tude by the lunar method, when near any place, the longitude of 
which is well ascertained : then if the observation give the longitude 
east of the true longitude, the observed distance has been too great, 
or too small, according as the distance between the Moon and the 
other object is decreasing or increasing : but if the observation give 
the longitude west of the truth, the contrary is the case, that is, the 
observed distance must have been too great or too smaU, according as 
the Moon's distance from the other object is increasing or decreasing; 
and the error in the observed distance, in any case, will be about two 
seconds, for every minute of error in the longitude. 

5. The following is the usual method of writing down a set of lunar 
distances, with the altitudes of the objects observed at the same 
time, and of finding the mean observed distance and altitudes. 

Times per watch. Diet. Q and }) Alts. 0's 1. limb. Alts. ]) *8 up. limb* 

3h. Om. 168. 91° 19^ 10 37° 58' 49° 58' 

1 25 19 40 37 43 50 15 

3 10 20 20 37 20 50 38 



Divide by 3 4 51 


59 10 


121 


51 


Means --31 37 
Index errors - - - - 


91 19 43 

+ 2 60 


37 40| 
— 2 


60 17 




Observed distance and alts. ^ 91 22 33 37 S8| 50 17 

If one of the objects be at a sufficient distance from the meridian, 
for the purpose of finding the time with correctness, when the distance 
is observed, it is not absolutely necessary to take the time of each ob- 
servation by a watch, because the mean time of observation mav be 

d 
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deduced in most cases from the altitude of one of the objects^ observed 
at the same time as the distance^ however^ it is generally proper to use 
a watch as a check on the observations ; and if the differences of the 
respective observations are not nearly in proportion to the several in- 
tervals of time^ these observations should be rejected^ and a fresh set 
taken. 

6. When the mean time at ship is obtained from altitudes taken 
before or after the distances are observed^ the respective times by 
watch must be carefully noted ; to avoid error from the inaccuracy of 
the watch, the shorter the interval is the better. The interval by 
watch between the two observations (for mean time Ghreenwich and 
mean time ship) must be subtracted from, or added to, the Ghreenwich 
mean time obtained by lunar, the difference between which and the 
mean time ship will be the longitude for the meridian of the observa- 
tions for the mean time ship. 

7. In selecting objects to observe for lunars, the preference should 
be given to those which have equal distances on each side of the 
Moon. By attention to this, errors of observation will be obviated in 
deducing the longitude from their means. When possible, one of the 
objects in a lunar should be near the prime vertical, for the purpose 
of obtaining the time at ship correctly. A reference to Table IX. 
will point out the altitude requisite. {See p. 584, Nautical Almanac.) 

8. The preceding remarks, and the following rule and examples 
are given on the supposition that no chronometer is on board, or 
available. 

PROBLEM V. 

The Latitude of a Place, and its Lonffittuie by Account, being given, 
togetJier unth the observed Distance between the Moon and the Sun, or 
one of the Planets or Stars used in the Nautical Almanac, the observed 
Altitudes of the objects, and the estimated time of observation, to find 
the correct Longittule of the Place of Observation. 

RULE. 

1. To the estimated astronomical time at the ship, apply the longi- 
tude in time, by addition or subtraction, according as the longitude 
by account is west or east; this will give the Ghreenwich date,t to 
which reduce the necessary articles from the Nautical Almanac. 

2. From the observed distance and altitudes, deduce the apparent 
distance and altitudes, and also the true altitude of the Sun, Moon, 
Planet, or Star, if the mean time is to be inferred therefrom. 

8. If either of the objects observed be at a proper distance &om the 
t Convert the Greenwich date into mean time, as in Example I. 
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meridian at the time the distance is observed^ find the mean time 
from the altitude observed at the time of taking the distance^ by 
Problem I. or II., but if the Sun, Planet, or Star be near the meridian 
at the time of obsendng the distance, and the Moon's altitude at the 
time of observing the distance, cannot be depended upon for that 
purpose, find the mean time at ship by means of altitudes taken 
before or after the observation of the distance. At night, or during 
twilight, any stars may be observed which are on or near the prime 
vertical, for finding the mean time at ship. 

4. From the apparent distance, and the apparent altitudes of the 
objects, together with the Moon's horizontal parallax (from page III. 
of the month in the N. A.), find the true distance, by Problem III. 

5. Having the true distance, find the mean time at Greenwich, 

corresponding to that distance, by Problem IV. 

« 

6. The diflference between the mean time at the ship {See Art. 6 
preceding), and the mean time at Greenwich, is the longitude in time, 
and the longitude vrill be east or west, according as the time at the 
ship is greater or less than the time at Greenwich. 

7. The method of finding the longitude by a planet is nearly the 
same as that employed in finding the longitude from a distance be- 
tween the Moon and a Fixed Star. If the distance between the centre 
of the Planet and the enlightened limb of the Moon be observed, no 
correction will be necessary for the Planet's semidiameter. The efiect 
of the Parallax of Jupiter or Saturn may be neglected ; it is however 
proper, in most cases, to apply a correction to the apparent distance 
between the Moon and Venus, or Mars, for the efiect of the Parallax 
of these Planets. If the apparent distance between the Moon and 
a Planet exceed 34°, the efiect of the Planef s parallax on the distance 
may be found by the small table P. in Table XVIII., as follows : 

Enter Table P. with the given distance and altitudes, using the alti- 
tude of the Planet for that of the Sun, and take out the correspond- 
ing correction ; multiply this by the horizontal parallax of the Planet, 
and divide the product by 9, the quotient will be the efiect of Planet's 
paraUax on the distance, to be applied by addition or subtraction, ac- 
cording as the efiect of the Sun's parallax would be applied^ if the 
distance, &c. were of the Sun and Moon. For example. 

Suppose the apparent distance between the Moon and Mars is 60°, 
the apparent altitude of the Moon 60°, and that of the Planet 40° 
when its horizontal parallax is 12*8", required the effect of the parallax 
of Mars on the distance. At apparent distance 60° in Table XVIII. 
in the small table P. under the Sun's altitude 40°) and opposite to the 
Moon's 60°, is 6" to be subtracted; now 6" x 12-8" = 76-8', which 
being divided by 9 gives 8'53", or 8J", to be subtracted from the ap- 
parent distance, or from the third correction, before it be applied to 
the apparent distance. 
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1844. February 27d., 6h, 24m., 40s. App. T. S. the following obtenratioiii of the PUnet Veoiii 
and the Moon were taken to obtain the Longitude. At Noon, Lat. 3^ 37* N., Long. acct. 86* 4' E., 
coones steered and distances run from Noon, W. by N., A', and W. N. W., lO', height of the eye, 
14 U Bar. 29*70, Ther. 76. Alt. of PUnet, $ 26° 23' 20^ west of meridian. Alt of Moon's U. L. 
W W. Dist. between $ and near limb of Moon, 67° 25' 20^'— b" Index error. 



W. by N. 4' 
W.N.W. 10' 



Lat at N. 



X lat. 
8 
3 8 



4 6 
3° 37 



dep. 
3 9 
9 2 

13 1 
Long. 86 4 



App. T. S. 

Long, in time, (East) 



d. h. ro. s. 
27 6 24 40 
— 5 43 24 



LatatT.ofobs. 3 42 N. 

Eqn. T. (p. I., N.A.) noon 27 d. decg. 



85 51 E. 
13m. 6S-42 



Greenwich date, in app. time 27 41 16 
Bed.£qua.T. - - -f 13 6 

Greenwich date, hi M. T. 27 54 22 



Pro. part of diff. for 1 hour for Gwh. D. 41m 16 — 42 S.T.M.N. f p. IL N.A.) 27d. 22h. 25m. 43s*37 

• Accelera. (see art. 2) long. E. — 56*40 



Red. Eqn. T. to be added to app. T. - 

Moons Semid. incg. Noon 27d. 

Pro. part, of diff. in 12h. for Gwh. D. - 

Augmentation, (Table IV.) 

Moon's red. semid. 

Planet's semid. 

Obs. Dist — 5" Index, error 



)3 6 



14' 57" 9 
+ 2 

+ 14 



Red. S.T.M.N. 



Comp. to 24h. 



- 15 12 

- + 6 
67 25 15 



22 24 46*97 
24 

1 35 IS 

_» 



Moon's Hor. Parx. noon, incg. 54' 55 
Corr. for Greenwich Date - 4* 1 



App. dist 
9 'sobs, alt 
Dip. 14 f. 



26° 23' 20" 
— 3 37 



*'s app. alt 26 19 43 
!'s cor. in alt — 1 42 



Red. Hor. Parx. - - 54 56 

- 67 40 33 

9's cor. for Ref. 1' 54" Moon's obs. alt U. L. - 70° 19' 0" 

Ther.— 7, Bar. -f 1 — 6 Red. Semid. — 15' 12" "I , « . « 

Dip. - — 3 37 J ■~'^*^ 

— 1 48 

$ 's px. in alt -f 6 Moon's app. alt 



70 00 



$'sT.alt 

P.D. 

Lat 



26 18 00 

85 16 38 

3 42 00 



Log. 



$'sDecl. 27d.incg. - 4 42 13*3 N. 

*00147 Pro. part, of diff. in 24h. for 



Sum 115 16 38 

Half Sum . 57 38 19 



Diff. . 



31 20 19 

h. m. s. 

$'sH.^ West 4 15 32 

„ red. R. A. 47 41 

Comp. to 24h. - 1 35 13 



*00091 Greenwich Date - 

Red. DecL $ 
4*72857 

4*71608 Polar Dist 



= 9*44703 



4- 1 91 

4 43 22 
90 

85 16 38 

h. m. s. 
47 31*36 



S.H.&c.fromM.N.6 38 26 
Retardation —-15 



$ 's R. A. increasing 
Pro. part of diff. in 24h. for Gwh. 
Date - - -4- 



9-93 



Red R. A. 9 



47 41 



Mean T. of obs. 6 37 21 

Moon's red.H. Px. 0° 54' 56" 
$'sapp. alt 26 20 00 
App. dist. - - 67 40 33 



Log. . 
Log. S. 



- 0-0554 - . - - 
8130 D 's app. alt 700° 

- 0*9662 log. T. 



0*0554 
0*4870 
1*3866 



1st correction -f 4 33 39 
2d correction + 5 21 12 
3d cor. 1' 54" 
9' 



cor.l'54"l . , 
'sPx.— 6 / ■*■ * 



48 



T. dist (less 10°) 67 37 12 
Dist N JL n. 27d 67 12 21 



Diff. of distances 24 51 



Mean time at ship 
Long, by obs. in are. 
West of account 



= 1-8346 

----- ;z 1*9290 

Pro. log. of diff. of dist. 24' 51" - *8599 

Pro. log. from N. A. (diff. with next log. 13 decreasing) - - *3429 

h. m. s. — — — — ^.^ 
Approx. Inter. 54 44 = pro. log. *5 170 
Corr. N. A. p. 550 diff. 13 - +3 

M.T. Gwh. 27d. 54 47 

27d. 6 37 21 



85° 38' 30" E. 



- Long, inthne = 5 42 34 



12i miles. 
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1844. February 27d. 6h. 48m. 468. App. T. S. The fbHowiog obac ry ati oni were taken of the Moon 
and the Star ReguluSf to obtain the long. The Star was E. of the meridian, and at nearly an eqiUd 
distance E. of the Moon, as thAPlanet $ in the former Example was W. of the Moon. As the Ship 
was moving very slowly W.N. W., the lat. and long, were assumed to be 3^ 4 2^ N. and 85® SO^ B., at 
the time of observation. Height of the eye 18ft., Bar. 2970^ Ther. 76^ Obs. alt. Star, 22° 12^ 20^. 
Obs. alt. Moon. U. L. 7(f 34' 20'^ Obs. distance between the Star Regtdiu and the remote limb, ti 
Moon, 67® 16' 57", — 5" Index error. 



Gwh. D. of last obs. M. T. 
Change of merid. to Westd. 1 mile 
Interval by watch . . • 

Gwh. D. of observation 

Obs. Dist. less 5'' index, error 
Moon's red. Semid. (remote limb) - 



M 



d. h. m. s. ^ 

27 54 22 Moon's Semid. 27d. noon incg. 14 b'f^ 

+ 4 Diff. in 12h. 4"-5 pro. for Ih. \ , . 

+ 24 6 iGwh.D. - - f+ ^ 
Augmentation, (Table IV.) + 14 



27 1 18 32 

o in 

67 16 52 

— 15 12 



Moon's red. Semid. 



15 12 



// 



App. Distance 

4e'sObs.AU. 
Dip. 18 £ - 



22 12 ib 
— 48 

22 8 12 



Moons Hor. Px. 27d. N. incg. 54 55*0 

67 1 40 Diir.inl2h.l6''*5oro.forlih.G.D.+ l*8 

Red. hor. px. - 



54 57 



^ 's App. Alt. 

*'scor. 2'19'"l _ « ,„ 

Ther. 8, Bar. 1 7 J * 



Moon's obs. alt. U. L. 70 34 20 

Red semid. — 15' 12"! _ ,0 ^ 

dip.— 4' 8"/-" *^ *• 



:fc's True Alt. 
3|c'sP. D. - 
Lat - 

Sum • 
Half snm 
Diff. - 



22 6 00 

77 16 25 

3 42 00 

103 4 25 

51 32 12 

29 26 12 



Moon's app. alt 



70 15 



JiOg. - "OlOSO **8 decl. p. 432, N. A. 12 43 37*5}lt 
- - -00091 Proofannnalvar.forG.D. — 2*71 



- - 4-79380 

- - 4*69149 



*'s H. Z. West - 
3fc'sRedR.A. - 
Comp. to 24h. S. T. 1 
M. N. (last exp.) / 



Less24h. 



h. 
19 
10 



^\ red. decL • 



♦'s Polar dist. 



12 43 34*80 

90 

77 16 25 



m. s. 

27 19 
4 



=: - 9-49790 



1 35 13 

31 2 36 
24 



♦'s R. A. p. 432 N. A. 10 3*649 
Pro of annual var. for G. D. + *^3 



♦'s red R. A. 



10 4 



Sid. h. &c from M. N. 7 2 36 
Retard, on 7h. 2m. 368. —-19 



MeanT. ofObs. 

Moon's red. Hor. Pz. 
sie's App. Alt 
App. Dist 

lit cor. 
2d. cor. 
8d. cor. 



o 


22 
67 

4 
5 



1 27 
/ // 



54 57 Log. • 
8 „ . 
1 40 Log. S. 



*0553 - - - - 

-8839 Moon's app. alt W 15' 
-9641 



•055S 

•4863 

Log. T. 1-3728 



37 21 

21 55 

2 14 



zz 1*9033 



= 1*9144 



IVne Dist. (less lO'O 67 3 20 
l)ist.fromN.A.27d.N. 67 42 32 



Diff. of distances 



Mean T. Gwh. by Lonar 
BL T. Ship 



39 12 



Prolog, of diff. of dists. 39' 12" - - - 6620 

Pro log. from N. A. ^diff. with next log. 11 decg.) 2974 

Approx. interval Ih. 17m. 45s. pro log. 3646 

Corr.N. A.p.550,diff.ll -f- 3 



27 
27 



1 17 

7 1 



48 
27 



// 



Long, by Oba. (in arc.) 85 54 45 E. =: Long, in time - 



5 43 39 



East of account 4'f 
The mean of these two Lonp. by observation may be taken for the correct Longitude, viz. 85° 46^' B. 
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1844. March 25d. Ih. 38m. 18i. app. T. S., the following obaenratioiii of the San and Moon were 
taken to obtain the Long, in Lat bV 42f'b N., Long. acct. 72^ 40^ E. Bar. 29^*70. Ther. 76^ Eye 
at 17ft. Sun's alt. 61'' 56'. Moon'i alt U. L. 47'' 34' E. of meridiuL Distance of Son W. of the 
Moon, 69** 45' 63" — 5" index error. •* 

d. h. m, 8. 

25 1 38 18 Eqn. T. app. noon 25d. decg. 6 r76 
— 4 50 40 Diff. for Ih. 769 X 3ih. - + 246 



App. T. S. • 
Long, in time east 



Gwh. D. in app. T. 
Eqn. time 

Gwh. D. in M. time 



0*8 obs. alt. . - - » 
Semid. + 16' 3"— dip 4' 1" 

O't tpp* alt. . - - - 

Moon's Obs. Alt. U. L. 47 34 6o 

Red. semid. 14' 59" ) |q nn 
Dip 4 1 r *" 



24 20 47 38 Red Eq. T. to be added to app. T. 6 4 



6 



S. T. M. N. 25d. - 



24 20 53 42 Acceleration for long, east 

Red. S. T. M. N. - 



o / 

61 56 
+ 12 



// 




62 8 



Comp. to 24h. 



h. m. 8. 

12 10*30 

— 47-75 

11 22-55 
24 

23 48 37*45 



Moon's App. Alt. . 47 15 00 

Corr. table XXL + 3" 1 , -a a 

forTher. - /+ ^^ ^ 



D 's semid., midnight 24d. incg. 14 47*1 
Pro of diff. in 12h. for 8b. 54m. + 1*8 
Augmentation - - +10 

Moon's red. semid. - 14 59 

Sun's semid. - - - 16 3 
Obs. dist. less 5" index error 69 45 48 



Moon's True Alt. • 
Moon's P. D. 
Lat. . - - 


> 
n 


47 
67 
15 


51 
15 
42 


4 

40 
30 


Log. 


8iun - • - 

Half sum 

Diff. - - - 


130 
65 
17 


49 
24 
33 


14 
37 
33 


m m 


Moon's H. Z West 
Moon's Red R. A. 
Comp. to 24h. S. T. 
M.N. 

Less ... 


h. 
21 

4 

23 

49 
48 


m. 

3 

52 

48 
44 


s. 

18 
44 

37 
39 


" 


Sid. h. &c. from noo 
Retard. 


1 


44 


39 
17 




MeanT. of Obs. 

Moon's red. Hor. Px 
0's App. Alt. 
App. Dist. 


25 

• 


1 

o 


62 
70 


44 

54 

8 

16 


22 

// 
22 



50 


Log. 
Log. S. 



App. Distance . - 70 16 50 

*03514 Moon's Hor. Px. midnight incg. 54 15*3 
•01653 Pro. of diff. in 12h. for 8h. 54m. + 6*7 



Red. hor. px. 
4*61923 
- - 4*47950 Moon's decl. incg. at 

20h. of24d. - 
Diff. for 10m. 8"-45 
pro. for 53m. 428. 

Moon's red. ded. 
Polar dist. 



54 22 



z= - 915046 



22 43 351N. 

4- 45*3 

22 44 20 
90 

67 15 40 



h. ra. 8. 
Moon's R. A. 20h. of 24d. 4 50 4845 
Diff. for Ih. 2m. 98*12 1 . . 
pro. for 53m. 42s. / ^ * ^^^^ 

Moon's red. R. A. 



4 52 43 98 
.0599 ...... *0599 

•5135 Moon's app. alt. 47'' 15' - - '5941 
•9738 Log. T. 1*4456 



1st. cor. - - 4 8 57 

2d. cor. - - 5 14 19 

3d.cor.l'22"— 0'8Px.4" 1 18 



= 1*5472 



== 2*0996 



Tme Dist. (less lO**) 69 41 24 
Dist.N.A.18h.of24d. 68 22 58 



Pro log. of diff. of dists. 1' 18"*26 . - - -3608 
Pro log. from N. A. (diff. with next log. 7 decg.) *3439 



Diff. of distances 



1 18 26 



Approx. intenral 

Corr. ^. A. p. 550, diff. 7 
Correct interral 



2h. 53m. 8s. pro log. -3646 
•f 1 



Time at Gwh. of dist fh)m N.A. .... 

MeanT. Gwh. 

M. T. Ship 

Long, by Oba. (in arc.) 72^ 48' 15" E. Long, in time 
East of account 8^' 



. 2 53 
24 18 



9 




24 20 «3 9 

25 1 44 22 

4 51 13 
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1844. March 25d. 6h. 52m. 30i. app. T. S. The obs. dist. between the Moon's remote limb and the 
Star /?£^u«£. of the Moon 71'' 14^ 25''. Star's obs. alt. 49"* 4' E. of meridian. Eye 18ft. Moon's 
obs. alt. L. L. 58° 41' at 17ft. Lat. 15'' 53' N. Long. acct. 72° 40'E. Ther. 72°. 

d. h. m. s. h. m. s. 

App. T. S. - - - - 25 6 52 30 Eqn. T. app. noon 25d. decg. 6 1*76 
Long, in time east - - - — 4 50 40 Diff. Ih. 770 X 2h. 2m. - — 1*57 

Gwh. D. in app. T. - - - 25 2 1 50 Red Eqn. T. to be added I a « a 

Eqn. time .... +6 00 to app. T. - | - u o u 

S. T. M. N. 25d. - - 12 10-30 

Gwh. D. in M. time - - • 25 2 7 50 Acceleration for long, east — 47*75 

^ , „ Red. S. T. M. N. - - 11 22-55 

Obs. dist. 71 14 25 24 

Moon's red. semid. (remote limb) - — 15-2 — 

Comp. to 24h. - . 23 48 37 

App. dist. 70 59 23 , „ 

— — ^ D 's semid. incg. - - 14 49-6 

^ , ,, Diff.inl2h.3"-lprofor2h.8m.+ '3 

9|c'sObs. Alt. - 49 4 Augmentotion . . 12 

Dip 18 feet .—48 

' D 's red semid. - - 15 2 

♦ 's App. Alt. - 48 59 52 

Corr. 50". Ther. — 2" — 48 D 's Hor. Px. incg. - - 54 24-4 

Diff.inl2h.ll"-7profor2h.8m.+ 2 

*'s True Alt. - - 48 59 

^e'sP. D. - 77 16 Log. - -01081 Red. hor. px« - . 54 26 

Lat. - - - 15 53 - '01691 

Moon's obs. alt. L. L. 58 41 

Sum - - 142 8 Red. Semid. -f- 15' 2" \ . „ 

Half sum - - 71 4 - 4-51117 — dip4'l"/ "*" ** 

Diff. ... 22 5 - 4-57514 

. Moon's app. alt. - 58 52 

h. m. s. - 9-11403 :>|c 's decL p. 432 N. A. 12 43 S7-51N. 

Star's H. Z. West 21 10 54 Pro part of ann. var. — 3*99 

*'s Red R. A. - 10 4 

Comp. to 24h. 1 oo jo 07 ^*^ red. decL - - 12 43 33-52 

S. T.M.N. J . -i^ 4» 61 g^j 

Sid. h. &c, from 1 a rio <i»i Polar dist. - - 77 16 

M.N.le88 48h.J — ^ oy m ^ ^ ^ 

Retard.on6h.59m.35s. — 1 8*7 * 's R. A. p. 432, N. A. 10 3*649 

Pro part of ann. yar. - 4- "740 

Mean T. of Obs. - 6 58 26 — 

: ♦'sred.R.A.- - 10 4 

Moon's red. Hor. Px. 54 26 Log. - -0594 •0594 

3fc's App.Alt. - 49 „ . -5822 Moon's app. alt. 58° 52' - - -5275 
App. Dist. - 70 59 23 Log. S. -9756 Log. T. 1*4628 

1st. cor. - - 4 16 33 - = 1*6172 

2d. cor. - - 5 16 3 =12-0497 

3d. cor. - - 121 _ 

Pro log. of diff. of dists. 1° 3' 24" . - - -4532 

True Dist. (less 10°) 70 33 20 Pro log. from N. A -3052 

Dist. N. A. noon 25d. 71 36 44 

Approx. interval 2h. 8m. Is. iz: -1480 

Diff. of distances - 1 3 24 

Corr. p. 550, N. A. +2 

Mean T. Gwh. 25 283 

M. T. Ship 25 6 58 26 

Long, by Obs. (in arc.) 72° 35' 45" E. Long, in time - - 4 50 23 W. of acct. 4'^ 
Long, by and D - 72 48 15 

84 
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xn finding the longitude by a Planet and the Moon^ the obsenra- 
lions may often be made soon after sunset^ or shortly before sunrise^ 
when the twilight is so strongs and the horizon so well defined^ as to 
admit of the altitudes of the objects being observed with great accu- 
racy: the angles may frequently be read off the instruments without 
the assistance of artificial light ; also^ the latitude by a Star may be 
obtained at the same time, to calculate the mean time at ship. 

In the foregoing Examples, it has been supposed, that the altitudes 
of the objects were found by observation, it, however, sometimes 
happens in the night, that the distance between the Moon and a Star 
may be very correctly observed when the horizon is so obscure as to 
render the observed altitudes rather uncertain. Also, in the practice 
of the lunar observation on shore, it is not always convenient to 
observe the altitude at the same time with the distance ; in such cases, 
it is necessary to find the altitudes by calculation. For the computa- 
tion of an altitude, it is necessary to have the following elements : 

1. The latitude of the place, and its longitude by account, 

2. The apparent time at that place when the Sun's altitude is re- 
quired. The mean time at that place when a Star's, Planet's, or the 
Moon's altitude is required. 

8. The declination of the object, and also its right ascension, to- 
gether with the sidereal time mean noon, if the object, whose alti- 
tude is required, be the Moon, a Star, or a Planet. 



PROBLEM VI, 

Given the Latitude of a place, and its Longitude by account, together 
with the Mean or Apparent Time, to find the True Altitude of a knoum 
Celestial Object, 



RULE. 

1. Find the horary distance of the object fit)m the meridian. This, 
if the object be the Sun, is. the interval between the given apparent 
time and noon ; but if the object be the Moon, a Planet, or a Star, 
convert the given mean time into sidereal hours, &c., by Table A, and 
add to it the sidereal time mean noon, the sum, rejecting 24 hours if 
necessary, will be the right ascension of the meridian ; the difference 



» 



25 

between this and the right ascension of the given object^ will be its 
horary distance from the meridian.t 

2.. If the latitude of the place^ and the declination of the given 
object, be both North, or both South, their difference will be the 
meridian Zenith distance of the object ; but if one be North and the 
other South, their mm will be the meridian Zenith distance. 

3. Add together the logarithm of the horary angle of the object. 
Table XIII., the constant logarithm 6*30103, and the cosines of 
the latitude and declination. Table XII. j the sum of thes)e 4 loga- 
rithms, rejecting 10s. from the Index, will be the logarithm of a nati^ 
number, in Table XXIV. 

4. Find the natural versed sine. Table XXV., of the meridian 
zenith distance, add to it the natural nimiber found, their sum will be 
the natural versed sine of the zenith distance of the object at the time 
given, which, subtracted from 90°, will give the true altitude required. 

5. As the apparent altitudes are used in correcting a lunar dis- 
tance, it is necessary to reduce the true, altitudes to the apparent alti- 
tudes j this, when the object is the Sun or a Star, is done by taking 
the correction for the given altitude, from Table VI., and adding it to 
the true altitude, the sum will be the apparent altitude. Thus the 
apparent altitude of a Star, when its true altitude is 17° 0', would be 
17 3' 5", or the apparent altitude of the Sun, when the true altitude 
is \T 0', is \T 2' 56". When the apparent altitude of a Planet is 
required, subtract the parallax in altitude frx)m the refraction previous 
to adding it to the true altitude. But when the true altitude of the 
Moon is to be reduced to the apparent altitude, it will be necessary to 
proceed as follows : 

6. To the secant of the Moon's true altitude. Table XI., add the 
proportional logarithm of the Moon's horizontal parallax, the sum will 
be the proportional logarithm of the Moon's parallax in altitude, from 
which subtract the refraction in altitude (the Star's correction in alti- 
titude. Table VI., is the refraction in altitude of any object); the 
remainder being subtracted from the true altitude will leave the 
apparent altitude. 

The elements for the following Example are selected from Example 
II, Problem V., being reduced for the meridian of observation. 

t When the right ascension of the |;iyen object is less than the right ascension of 
the meridian the hour angle of the object is West, when it is greater the hour angle 
b East. 
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EXAMPLE. 



1844. Feb. 27d. 7h. Im. 278. mean time, latitude 8° 42' N., longi- 
tude 85° 5(y E., sidereal time mean noon^ 221i. 24m. 478., Moon's 
right ascension 5h. 19m. 128., declination N. 23° 2' 16'', horizontal 
parallax 54' 57'' : required Moon's true and apparent altitudes. 



h. m. 8. m. I. 

M. T. - - 7 1 27 r7h.A.= l 810 
Acceler. Table A + 1 8*33<lm. », = *16 

1 27a. „ = 07 

Sid. h. &c. from N. 7 2 35 

S. T. M. N. - 22 24 47 



8am. ~24h . = 5 27 22 R. A. of Mend. 
)) '• R. A. - 5 19 12 



J '• H. ^ - - 8 10 Log. Table XIII. - 6 50162 

Constant - - 6*30103 

})'iDecLN. - 23* 2' 16" Cos. - . - 4-96391 

Lat. N. - 3 42 Cos. - . 499909 



Natural Namber • ... 583 ^ 2*76565 

D's Merid. Z. D. 19 20 16 N. V. S. . 056417 

D '■ Z.D. attime of 

observation - 19 26 18 N. V. S. - 057000 

90 

Pro. log. }) '• Hor. Par. - - ^ - - '5153 

D'l True alt. -70 33 42 Sec. . . ^ •4778 

]>'ioor. inalt 17 57 

18' 17'' Par. in Alt. = -9931 



>'iApp.alt. 70 15 45 — . 20 Ref. 



17 57 D'scor. 



REMARKS. 



I. If great accuracy were required, the operation of finding the 
Moon's correction in altitude ought to be repeated, using the Moon's 
apparent altitude, as found above, in place of the true altitude, and 
then subtracting the correction thus found from the true altitude; 
however, one operation is generally quite sufficient for the purpose of 
finding the Moon's apparent altitude. 

II. If an object be near the meridian, in bearing or azimuth, when 
its altitude is to be computed, any probable error in the time will not 
cause a material error in the altitude; but any error in the latitude 
will, in this case, cause nearly an equal error in the altitude. 

III. If the object be near the prime vertical, that is, near the east 
or west, at the time its altitude is to be found hj calculation, any pro- 
bable error in the latitude of the place will cause very little error in 
the altitude ; but an error in the time will then greatly afiect the alti- 
tude. In this case, the error in the altitude, arising &om an error of 
1 minute of time, will, in places near the equator, be nearly 15 minutes 
of a degree ; in high latitudes the error is less. 
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IV. WTien the object is considerably distant^ both from the meri- 
dian and prime vertical^ its computed altitude is affected by an error 
either in the latitude or time ; but the error of altitude, arising from 
an error in the latitude, will not be so great as when the object is 
near the meridian, nor will the error, occasioned by an error in the 
time be so great as when the object is near the prime vertical. 

y. The apparent altitudes being found by computation, the true 
distance and mean time at Greenwich are to be found in the same 
manner as before : but it very rarely happens at sea that the altitude 
of the Moon may not be observed with sufficient accuracy, for the 
purpose of clearing the distance of parallax and refraction, nor is it 
often necessary to calculate the altitude of a Star ; however, as any 
given error in the altitude of the Star will, in general, cause a greater 
error in the computed distance, than an equal error in the altitude of 
the Moon, it is proper, when the observed altitude of the Star is at all 
uncertain, to compute its altitude; by substituting Planet or Star, for 
Moon, in the foregoing Example : the form answers for either. 

In cases where there is not a sufficient number of observers to take 
the distance, and the altitudes of the objects, at the same time, it is 
necessary to observe the altitudes both before and after the time of 
taking tne distance, and then reduce them, by the Bule of Proportion, 
to what they would be at the time the distance is observed. This may 
be done in the following manner : 

Times. Obf. alt. Q'l L L Timet. Obt. alt. D '• op. 1. 

h. m. 8. Diff. h. m. ■. Diff. 

Ist. 3 24 16 m. s. 27° IV Diff. lit. 3 24 58 m. i. Sl"* 24' Diff. 

7 34 l** 19' 8 23 0** 36' 

2d. 3 31 50 25 53 2d. 3 33 21 31 59 

Timet. Dittt. and ]) 's nearett limbt. 
h. m. t. 
3 26 14 68** 34' 50" 

27 49 35 40 

29 31 36 30 



Sumt 23 34 120 



Meant 3 27 51 68 35 40 

Here the interval between the time of observing the first altitude of 
the Sun, and the mean of the times, when the distances were observed, 
is 3m. 35s. ; and as the Sun's altitude decreases 1^ 19' in the space of 
7m. 34s. the change in 3m. 35s. will be 0° 37', which is to be sub- 
tracted from the first altitude, because the altitude is decreasing : 
hence the altitude of the Sun's lower Umb, corresponding to the mean 
distance, is 26° 37'. 

In the same manner the altitude of the Moon's upper limb, corres- 
ponding to the mean distance, is found to be 31° 36', we have there- 
fore the following set of observations : 

Time per watch of obs. Obt. ditt. & D 's nrtt. limbs. Obt. alt. 0's L Obt. alt. ]) 's up. L 
3h. 27m. 518, 68** 35' 40" 26** 37' 3^ 36' 
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From these^ the Ghreenwich mean time is to be deduced in the same 
manner as before. It will be proper^ however^ to find the mean time 
at ship by a set of altitudes^ taken as soon as possible before or after 
those altitudes^ which are to be employed in correcting the distance. 
It seldom happens but the altitudes of at least one of the objects, may 
be observed at the same time as the distances ; in this case, it is gene- 
rally proper to observe the altitudes of the Sun or Star along with the 
distances, and then deduce the altitude of the Moon, as in the fore- 
going Example. {See Art. 6, p. 18). 

To form an estimate of the respective values of two sets of observa- 
tions of objects on opposite sides of the Moon, or of different objects 
on the same side, compare the relative intervals of mean time obtained 
by observation, with the interval estimated as in the following ex- 
ample, taken from pp. 20 and 21. 



Estimated time. 


M. T. S. by obs. 


BL T. by Diittncei. 


h. m. s. 


b. m. 8. 


h. m. s. 


54 22 


by 9 6 37 21 


54 47 


1 18 32 


,. * 7 1 27 


1 17 48 



Interral 24 10 24 6 23 1 

As the interval of time measured by the hour angles, and that esti- 
mated, agree nearly, the hour angles may be esteemed as correct. 
The interval by distances is too small, being Im. 98., or 17'i of 
longitude less than the estimated interval ; but this difference need 
not be regarded, and the mean of the two sets may be taken for the 
longitude. Had the difference been double that amount, or more, the 
second set would have been entitled to the preference, the pro log. 
from the N. A. being of the first distance 3429= Ih. 21m. 44s., and 
the second 2974= Ih. 30m. 45s. fSee N. A. p. 574, 2d paragraph.) 
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ON FINDING THE 



LONGITUDE BY CHRONOMETERS. 



This method of finding the longitude depends on the same prin- 
ciple as the lunar method^ that is^ on being able to find the respective 
times at two meridians, for the same instant of absolute time, when 
the difference of these times will give the difference of longitude be- 
tween the two meridians. For example : 

Stippose a Chronometer that keeps mean time exactly, be set to 
mean time at Greenwich, and then taken to another meridian, where 
the mean time is found, by observation, to be 4 hours at the instant 
that the time by the Chronometer is only 2 hours ; we know that the 
place of observation is 30° E. of Greenwich, because the time at that 
place is 2 hours farther advanced than the time at Greenwich : but if 
the time shewn by this Chronometer were 4 hours at the instant, the 
mean time found, by observation, is only 2 hours, then the longitude 
of the place is 30° W. of Greenwich, because the time at Green- 
wich is 2 hours farther advanced, than the time at the place of ob- 
servation. 

A Chronometer generally deviates something from mean time in its 
rate of going; the portion of time which it gains or loses on mean 
time, during 24 hours, is called its Daily Bate, or simply the RatCf 
and what a Chronometer is fast or slow, for mean time at a given 
meridian, is called its Error for that meridian. Those who reckon 
the longitude from the meridian of Greenwich, should always have 
the errors of their Chronometers for that meridian. If the rate of a 
Chronometer and its error, for any particular time be known, the error 
for any other time is found by multiplying the rate by the number of 
days between the times. Thus, let the rate of a Chronometer be 
5*4s. gaining, and it is found to be fast for mean time at Greenwich, at 
noon, on the 5th of June, Oh. 11m. 81s. ; the error on the 2d of Jnly, 
at noon, would be Oh. 13m. 57s. ; for here the number of days elapsed 
is 27, and 5-4s. x 27 = 145-8s. or 2m. 26s., and Oh. 11m. 31s. + 
2m. 26s. = Oh. 13m. 57s. 

It is evident, that when the error is wanted for any other time 
than noon at Greenwich, a proportional part of the daily rate must be 
allowed. 
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When only one or two Chronometers are used^ the daily rate or 
rates should be carried on in the book in which the sights for time^ 
&c. are worked. When there are two, or three, or more, the longi- 
tude may be deduced from the mean of their Greenwich dates, or 
the preference will be given to either, according to its performance, 
when in the maker's hands, and his reputation for skill in manufac- 
ture aiid B^tistihtot. 

When there are two, three, or more Chronometers, irregularities in 
their rates may be detected by comparison of each with the others, 
unless they should all alter their rates to the same amount. The 
difference of the daily comparison between any two watches should be 
the same as the difference of their daily rates given, otherwise one or 
tiie other has altered its rate, possibly both. 

When two watches maintain the proper difference of daily com- 
parison, and a third watch varies from both in an equal amount of 
difference of comparison, it maybe presumed that the two have main- 
tained their given rates, and that the third alone has altered ; for it 
appears to be scarcely possible that two watches should be so exactly 
atike, as to alter their rates to the same amount fit>m the same cause; 
for instance, a change of temperature niay make three watches gain; 
but it has not been proved that three watches will each gain 2s., or 
any other amount; neither does it appear that they alter their rates, 
from the same cause, in a ratio to their respective given rates. 

When a comparison book is kept, the Barometar and Thermometer 
fSee Art. 6, p. 52), and state of the weather should be noted in it. 
The uneasy motion of a ship will, at times, have an effect upon the 
rates of Chronometers. 

The following form for a comparison book may be extended for any 
number of watches : — 



■ 


Day. 


Bar. ! 


Ther. 


No. 858, losing 58 
H 279, „ 78 


ComiwriMn 
DaUy. 


Difference 

of 
Comparisor. 


1 


1844 
Oct. 


b 7 


2910 • 

i 


66 


h. m. 
5 9 17 
} 9 10 


8. 

58-5 ( 


m. ft. 
6 1*5 




Fine. 




8 


( 

2915 


60 


5 9 20 
? 9 13 


58-5 i 


6 15 




Galeft. 




< 9 


29-20 


57 


1 9 13 
\ 9 6 


58 5 ( 


6 15 




tUin. 




^ 10 


29-60 


60 


5 9 31 
J 9 25 


0-5 C 


5 59 5 


— 28 


Squally. 




8 H 


29-0 


62 


\ 9 34 
) 9 27 


58-5 \ 


6 3 


+ 3-5 


Gales. 




% 12 


29-20 


61 


5 9 35 
^ 9 28 


6 1-5 


— 1-5 


S Gales, much 
I Sea on. 




$ 13^29-70 


60 


9 40 
i 9 33 


59-5 f 


6 0-5 


— 1 


Moderate. 



As the above is only inserted for the sake of the form, it is unnecessary to make any 
remark, except, that the difference of comparison ought to have been 28 greater every day. 
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PROBLEM VII. 



Having a Chronometer, of which the error for Mean Time at 
Greenwich is knoum, and also the Latittuie of a place, to find the 
Longitvde of that pUice. 



RULE. 

1. When the Sun, Moon, a Planet, or a known Star, is at a 
proper distance &om the meridian, take a set of altitudes and note 
the corresponding times by the Chronometer ; to the mean of the 
times by the Chronometer, apply its error for mean time at Green- 
wich, by addition or subtraction, according as it is too slow or too fast, 
the sum or difference will be the Mean Time at Greenwich when the 
observation is made. 

2. The Mean Time at Greenwich obtained by Chronometer, is 
from midnight to noon following, according to civil reckoning, there- 
fore to obtain the Astronomical Greenwich Date at any moment 
during that interval, 12 hours must be added to the time shewn by 
Chronometer. In the following example, the astronomical Greenwich 
date is Id. 19h. 28m. 56s. If the Sun's declination and the equation of 
time were to be reduced by logarithms the Astronomical Time would 
be requisite. The Greenwich Date by Chronometer should always 
be employed to reduce the elements from the Nautical Almanac, 
(See Art. 2, Introduction.) 

8. Prom the mean observed altitude, deduce the true altitude. 

4. With the Latitude of the place, the true altitude, and the de- 
cUnation of the object, find the mean time by Problem I. or II. 
according as the altitude of the Sun, the Moon, a Planet, or a Star 
has been observed. The difference between this Mean Time and the 
Mean Tiifle at Greenwich, is the Longitude of the Ship in time, 
and the Longitude will be east or west, according as the time at the 
Ship is greater or less than the time at Greenwich. 
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EXAMPLE I. 

1844. Jannary fML, 9h., A. M., civil time, the following obser- 
vations were taken to obtain the Long, by Chronometer, and the 
variation of the compal^s. Bar. 29*75, Ther. 68°, Sun^s magnetic 
Azimuth, N. 108° E. Error of Chronometer 18m. 45s. slow for 
Greenwich mean time. The true course and distance run from the 
time of observation till apparent Noon, was E. | S. 15', when the 
Lat. by observation was found to be 37° 0' 30 " S. 

h. m. 1. o / // 

Time bj Chronometer - • 7 10 11 Lat. obs 37 30 

Error slow - . . - -f 18 45 Co. E. i S.15'=:dep. H'9 diff. lat — 1 30 

M. T. Greenwich, (▲. M.) - 7 28 56 Lat. worked back to time of obs. 36 59 

12 Decl. mean noon 2d. decg. S. 22 58 52 2 

Diff. for 1 h. 12" 34 X 4h. 31m. -f 55*5 

Time from nearest Noon • 4 31 4 • 

O's Bed. decL - - 22 59 48 

o f » go 

O's alt. L L - - . - 49 7 20 

ffip 14 F. - - - . — 3 37 0'8 Polar Dist. - - 67 12 

49 3 43 £q. T. M. noon, 2d. incg. - - 4m3 49s 
Q'8Corr.44''l _ ^ _ ^2 Diflf.forlh. IslSl x 4h.31m. =: — 5 33 

Red. Eq. T. add to App. T. - 3 58 

49 3 1 

Q's semid. - - - + 16 17 

O'a true alt. - - - f ^9 19 18 Sec -18583 

P.D 67 Log. - -03596 

Lat 36 59 •— - - -09756 • - - -09756 

Sam 153 18 

Half Sam - . - . 76 39 — . 4-36342 - - 4 36342 

Diflf. 27 20 — . 4-66197 

Az. 9 39 ...-COS. 4-99381 

App. T. obs. — 12h. . - t 9 1 28z= - 9-15891 - C= - 9-64062 

Eq. T. + 3 58 < 

(. 5h. 31m. 68. 

M. T. ship - - - . 9 5 26 

M. T. Gwh. by Chro. - - 7 28 56 ©'s true azimuth - - N. 82** 46' E. 

0'8 magnetic do. - - § N. 108 E. 

Long, at time of obs. in time 1 36 30 

Variation west - - - 25 14 

„ in arc - 24° 7' 30" 

Dep. 14-9zzdiflf. of long. - -f- 18 30 

Long, at app. noon - - 24 26 E. 

f The seconds are rejected above as they would only make a dijBference of about 28. 
in the horary angle, and for general purposes at sea, working to the nearest minute 
is sufficient. 

I Twelve hours are rejected from the apparent astronomical time by observation 
to compare it with the time shewn by Chronometer. 

§ In South Lat. read the Sun*s Azimuth by compass from the north point 
as above, and in North Lat. from the South, because the true Azimuths are 
calculated by this method, from the North in South Lat., and from the South in 
North Lat. 
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EXAMPLE II. 



1844. February 12d. 6h. 40m. apparent time (astronomical), the 
altitude of the Planet Venus, West of meridian, was observed to 
obtain the Long, by Chronometer. Bar. 2964, Ther. 80°, Lat. 1° 48' S. 
having been obtained by a meridian alt. of the Star Aldebaran long, 
account 87° 30' E. 



Time by Chronometer 
Error - - - - 


d. h. m. 8. 

49 46 

- + 14 8 

12 1 3 54 


S.T.M 
Accel. 

Red. S 

Comp. 

R. A. 
or in 2^ 

Red.] 
Log. 

n arc 

VRK. 


h. m. 8. 
.N. 12d - - 21 26 3507 
for long. E. . . — 5749 


Greenwich date 


5.T.M.N. - - 21 25 37*58 


? Decl. S. 12d. decg. - 3° 8'55"-9 
X in 24h. 31' 17" pro for Ih. 4m. — 1 23 -4 


. to 24h. - - 2 34 22-42 


? 12d. incg. - 23 41 2817 
Ih. 4m. 26-338. pro for lb. 4m. + 11 83 

t A. $ - - - 23 41 40 




3 7 32-5 
90 


2 P. D. . 


- 86 52 27-5 


Obi. alt. 18 f. - 

Dip . - - 


- 20 32 

- — 4 8 




Refrac. 2' 33'"l ^.o, 
Ther. — 11 r^^ 
9 Px. in alt. - + 6 


20 27 52 
— 2 16 




True alt. - 
P. D. 
Lat. 


. 20 25 36 
- 86 52 27 
1 48 


•00064 
•00021 


Sum - - - 


- 109 6 




Half Sum 


. 54 33 


. 4-76342 


Diff. 


. 34 7 24 


- 4-74893 


Q H. ^: . - . 

? R. A. - 

Comp. - . . 


4h.38m.328. 
23 41 40 
2 34 22-42 


- 9-51320 


Sam less 24h. 
Retardation 


6 54 34-42 
— 1 7-92 




M. T. of observation 
M. T. Gwh. - 


6 53 26 
1 3 54 




Long, in time 


5 49 32 

REMi 


87° 23' E. 



Sometimes the Moon is on, or near to the prime vertical, when 
the Sun is on the Meridian, by taking her altitude at such times, 
errors of latitude by account may be avoided in calculating her 
horary angle. 
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EXAMPLE III. 

1844. October 6d. apparent noon^t in latitude 88"^ 6' N. long.^ 
account 89° 30' W. The alt. of Moon's upper limb 26° 80' 5r, west 
of meridian. Eye 16 feet. Moon's magnetic azimuth S. 106° W.^ 
Bar. 80'06y Ther. 71^. Time by Chronometer corrected for error 
2h. 30m. 328. P. M. Greenwich. 

d. h. m. t. 
Timeb7Chro.,orGwh.D. 6 2 30 32 
Moon's temid. 6d. incg. 15' ll''-7 

Var. in 12h. 6-2 pro for 2ih. +1-3 
Augmentation - - + 7* 



Red semid. - 



15 20 



S. T. M. rv.y 5u. 
AcccL long W. 

Red. S. T. M. N. 

Comp. to 24h. 



Moon's decL at 6d. 2h. decg. 14'' 48' 43''*7 N. Moon's Hor. Pi. incg. 

m for 10m. 88"-62 X 3*32 = — 4 30 -6 Var. in 12h. 22"-8 pro for 21h. 



Subtract from W 
D'sP.D. . 

Moon's obs. alt. U. L. - 
Semid. and dip 3' 53'' i= 



14 44 13 
75 16 
26 30 57 
— 19 13 



Red. Hor. Pz. 



h. m. 8. 
12 57 1*96 
+ 25-95 

12 57 27-91 

11 2 32-09 

55' 45"-5 

+ 4-7 

55 50 



Moon's R. A. 6d. 2h. 
X for Ih. 2m. 4-89s. pro for 1 , 
30m. 328, . . J "^ 



h. m. 8. 
8 24 28-38 



1 3*55 



Moon's app. alt. 
Moon's corr. Tab 

True alt. 
P.D. - 
Lat. . 


le XXI." 

m m 
m m 

,&C, - 

• • 


26 11 

+ 48 

27 00 
75 16 
38 6 


44 
15 


Moons r 
Log. - 

• • 

m m 

])'s true 
„ mag. 

Variation 


ed.R. A. 

m m 

•01452 
-10406 

4-53021 
4-83527 

• • 


8 1(5 31-93 

Sec - -05012 
•10406 


Sum - 


140 22 






Half Snm . 


70 11 




4-53021 


Diff. . 


43 11 






Az. . 


5 5 




Cos. . 4-99829 


D'sH. ^ . 
ff R. A. 

Comp. to 24h. 


h. m. 8. 
4 28 6 
8 25 31-93 

11 2 3209 


9-48406 

azimuth 
azimuth 

, west 


r= 9-68268 


1 h. m. 8. 
L 5 51 34 


Retardation, 23h. 


23 56 
— 3 


10 
55 


. S.8r*53'30"W. 
- 106 


M.T.ship . 
M. T. Gwh. 


5 23 52 15 

6 2 30 32 


- 18** 


Long, in time 


2 38 


17 




In arc 


39 34 


15 W. 





t As the equation of time is subtractive from apparent time, the mean astrono- 
mical date at the meridian of observation is 5 days, &c., therefore the S. T. M. N. 
is taken out for 5 days. 
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The nearest minutes of the true altitude^ polar distance^ and latitude 
may be used in finding the time^ this being sufBiciently exact for 
merely finding the Longitude at sea ; but if the time is required for 
the purpose of finding the error of a Chronometer, or, if the relative 
situations of two or more places are to be found by a Chronometer^ 
greater attention to accuracy is requisite^ this will be illustrated here- 
after. 

An example of finding the Longitude by Chronometer, and the 
Mean Time deduced from Altitudes of a fixed Star is unnecessary. 
See Problem II., and precept I. of the Rule, Problem VII. 

We shall now proceed to give some directions for finding the Errors 
and Rates of Time-keepers. This is a subject that ought to be well 
understood, for unless the Navigator knows how much a Chronometer 
differs from mean time at Oreenwich, at any given time, he can place 
no confidence in the Longitude deduced therefrom. 
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ON FINDING 



THE ERRORS AND RATES 



or 



CHKONOMETEES. 



There are various modes of finding the error and rate of a Chro- 
nometer, such as by comparing it with a well-regulated astronomical 
clock, by transits of the Sun or a fixed Star over the meridian, or 
by equal altitudes of the Sun. These methods, however, are not in 
generial so well adapted to the use of the practical navigator as the 
following, of which we shall give some examples. 

1. By a set of altitudes of the Sun, taken when that object is at a 
proper distance from the meridian. 

2. By a set of altitudes of a fixed star, taken when the Star is near 
the prime vertical. 

3. By the lunar distances. 

The first of these methods is the one most used by seamen. In 
high latitudes, however, when the latitude of the place and the decli- 
nation of the Sun are of contrary names, the second method will be 
found more correct, because a Star may always be chosen at a proper 
height, and at the same time near the prime vertical. The third 
method is only useful at sea, but there it is the only one that can be 
employed with advantage ; it therefore ought to be well understood 
by every person possessed of a time-keeper. 

Altitudes carefully observed in the usual way, may* be employed to 
find the error of a Chronometer, but altitudes taken by means of an 
artificial horizon, should always be preferred when the observer is on 
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shore^ ot the sliip perfectly steady; indeed^ it is only in this way that 
altitudes of the Stars can be employed with success in finding the rate 
of a time-keeper. 

The artificial horizon, generally used, consists of a quantity of 
quicksilver, put into a shallow trough or vessel, having a glass roof 
to prevent the wind fi-om disturbing the surface of the mercury. 
Another kind consists of a smooth reflecting surface, which is a perfect 
plane, and adjusted horizontally at the time of observation by means 
of screws and a spirit level. If a person be not in possession of either 
of these horizons, a little clean tar, oil, or treacle, put into a basin, 
will answer very, well as an artificial horizon ; if the wind is strong, 
the basin should be covered with a piece of fine muslin, or gauze. 
Water makes an excellent artificial horizon, when there is little or 
no wind, or when kept steady in the basin by means of a gauze 
cover. 

To observe the altitude of the Sun in an artificial horizon, let the 
observer have the horizon directly betwixt him and the Sun, and place 
himself at such a distance as to see the Sun's image in the quicksilver, 
or other reflecting surface ; then having the proper coloured glasses 
turned down, on each side of the horizon glass of the Sextant, keep 
the Sun's image in the middle of the field of the telescope, and move 
the index forward until the Sun's image, reflected from the index glass 
of the Sextant, be brought in contact with that first seen in the artifi- 
cial horizon; then, if the one image be made exactly to cover the 
other, the Sextant (supposing it to have no error) will give twice the 
apparent altitude of the Sun's centre. But instead of making the one 
image cover the other, it is generally better to bring their limbs in 
contact, then half the angle of the nearest limbs is the apparent alti- 
tude of the Sun's lower limb, or half the angle between the farthest 
limbs is the apparent altitude of the Sun's upper limb. 

The altitude of a fixed Star is observed in the same manner, only 
no coloured glasses are required ; and as the Stars have no sensible 
diameter, half the angle given by the instrument is the apparent alti- 
tude of the Star. 



FIRST METHOD 

To find the Error and Rate of a Chronometer by altitudes of tlie Sun 

observed by means of an Artificial Horizon, 



RULE. 

1. When the Sun is near the prime vertical, or at least 5 points of 
the compass distant from the meridian, and his altitude at the same 
time not less than 8°, nor greater than 60^ ; take a set of altitudes, 
and note the corresponding times by the Chronometer; to the mean 
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altitadey apply the index error of the Sextant, half the anm or dif. 
ference will be the apparent altitude of the Sim's upper or lower limb, 
according as the farthest or nearest limbs of the Son's images have 
been brought into contact. 

2. "With the apparent altitude of the Sun's limb, take the correc- 
tion of the Sun's altitude firom Table YI.; this correction being sub- 
tracted from the apparent altitude of the observed limb, will leave the 
true altitude of that limb, to which apply the Sun's semidiameter, by 
addiium or subtraction, according as the lower or ^^[per limb of the 
Sun has been observed, the siun or difference will be the true altitude 
of the Sun's centre. 

3. in/lth the Sun's true altitude and declination, together with the 
latitude of the place of observation, find the apparent and mean time, 
by Problem I. The difference between this time and the mean of the 
tunes given by the Chronometer, will be the error of the Chronometer 
for mean time at the meridian of the given place, and for the time of 
observation. 

4. A few days after the first error has been found, let the error of 
the Chronometer be again found in the same manner; divide the dif- 
ference of these errors, or their sum, if the one be fast and the other 
slow, by the number of days elapsed, the quotient will be the daily 
rate, which will be gaining or losing, according as the second observa- 
tion shews the watdi to be gaining or losing on mean time. 

After having found the rate, the last found error should be reduced to 
the error for mean time at Greenwich, as follows : 

1. When the- place of observation is in east longitude, and the error 
of the Chronometer,^/ for mean time at that place, add the longi- 
tude in time to the error of the watch, the smn will shew how much 
the watch is fast for mean time at Greenwich ; but when the Chrono- 
meter is slow for mean time at the place of observation, the difference 
between the longitude in time and the error of the watch, will be its 
error for mean time at Greenwich, which will he fast when the longi- 
tude in time exceeds the error of the watch for the meridian of ob- 
servation, but slow when that error of the watch exceeds the longitude 
in time. 

2. When the longitude of the place is west, and the Chronometer 
slow for mean time at that place, the sum of its error and the longi- 
tude in time, will be its error slow for mean time at Greenwich ; but 
when the watch is fast for mean time at the place of observation, the 
difference between the longitude in time, and the error of the watch, 
will be its error for mean time at Greenwich, /(w/ when the error of 
the watch for the meridian of observation is greater than the longi- 
tude in time; but slow when the longitude in time exceeds that error 
of the watch. 



i 
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EXAMPLE I. 



1844. May 18d. 20h. 26m. M. T. at Bombay, latitude 18** 55' 48' 
N., longitude 72° 54' 45 " E. The following Altitudes were taken 
in an artificial horizon to find the error of a Chronometer. N° 279. 
Ther. 80°. 



d. h. m. 8. 
M. T. of obsn. 18 20 26 00 
Long. E. - = 4 51 39 



Times bj No. 279. 
h. m. 8* 
3 30 20 

30 53 

31 23 



Altt.O 

o / // 



Gwh.D. . 18 15 34 21 
Time A.M. 19d. 8 25 39 



80 52 50 

81 7 50 O's DccL 19d. incg. - 19** 51' 11"'7 N. 
81 22 30 I>iff.forlh.32''*28 x 8h.25m. = 4 32 -2 



Diiide by 3, 

Mean 
App. alt. 
S Corr. r 0'"l 
icr. — 5 J 



Semid. 

T. alt. 

P.D. 

Lat. 

Sam 

Half smn 
Diff. 

App. T. 
Eqo. T. 

M. T. 



= 156 by 6t, 243 23 10 Red. decL 



3 30 52 



40 33 51 
— 55 



P.D. - 



Eqn. T. 19d. decg. - 

40 32 56 Diff. 107 X 8h. 25m. 
+ 15 49 

Red. Eqn. T. 



40 48 45 

70 13 20 Log. 

18 55 48 Log. 

129 57 53 
64 58 56 Log. 
24 10 11 Log. 
h. m. 8. 
20 30 38 
— 3 47 



19 46 39-5 
90 

70 13 20 

m. 8. 
3 46-62 
= -90 

3 47-52 



•02640 
•02415 



4-62624 
4-61218 

= 9-28897 



8 26 51 = t 20 26 51 



Error of No. 279 4 55 59 slow for merid. of obsenration. 

At 25d. 20h. 30m. mean time, the error of the same Chronometer 
was found to be slow for the same meridian 4h. 56m. 50s., being 51s. 
slower than at the first observation. The interval between the ob- 
servation being 7 days as nearly as possible 51s. -r- 7 = 7s*28. the 
daay rate losing. 

To find the Error for Mean Noon Greenwich. 

Long, of Bombaj, as above in time, E. - - - - 

Error of Chronometer, Maj 25d. .... 

Chronometer slow for M.T. Greenwich .... 
Greenwich Date of last obsenration 25d. 15h. 38m. 21s. or 8h. 21m. 398. 
before noon on 26th pro. part of daily rate for that interval 

Error of No. 279 for M. Noon Greenwich, Maj 26d. . - 5 13-5 

t The same as dividing by 3 to have the mean, and 2 afterwards, to obtain the 
O'salt. 
X Reject 12 hours to assimilate the time to the face of the watch. 



h. 


m. 


8. 


4 


51 


39 


4 


56 


50 





5 


11 




+ 


2-5 
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EXAMPLE n. 

1844. June 7d. 3h. 39m. M. T. at New York, in lat. 40° 42' N. 
long. 74° T West. The following altitudes of the Sun's upper limb 
were taken in the quicksiLyer^ and the corresponding times by Chro- 
nometer, No. 375, to obtain its error. Ther. 72°. 



M. T. . 

Long, in time W. 



d. h. m. 8. 

7 3 39 

+ 4 56 28 



// 



0*8 ded. 7d. incg. - 22 47 58^8 N. 
Diff.forlh.l3"'69x8h.35=+ 1 57*5 



Greenwich Date 7 8 35 00 

Times by No. 375. 
h* m. 8. 
3 20 36 

21 44 

22 51 



Alts.Q 

82*43' 10" 
82 13 20 
81 44 00 



Red. ded. 



P. D. 



22 49 56 

90 



67 10 4 

ni. 8. 

Eqn. T. 7d. decg. . - 1 27*99 

Diff. Ih. -469 X 8h. 35m. z= — 4*02 



Divide by 3 



131 



Means - 3 21 43 7 



©'salt. 
0*8 cor. 
Ther. 72" 



0*8 semid. 

0*8 T. alt. 
P. D. 
Lat. 



59^' 
2 



} 



Sam . - . . 

Half Sam .... 

Diff. . . . - 

App. T 

Eqn. T 

M. T. merid. of Obs. - 
Time shewn by Chron. - 

Chron. slow for M. T. at New York 16 50*9 





40 


30 


82 


13 


30 


41 


6 


45 
57 


41 


5 
15 


48 
46 


40 
67 
40 


50 
10 
42 


2 

4 



148 


42 


6 


74 


21 


3 


33 


31 


1 


3h. 39m.58'6s 
— 1 24*0 


3 
3 


38 
21 


34*6 
43-7 



Red. Eqn. T. - 



1 23*97 



Log. 



•03544 
•12025 



4*43096 

4*74208 

= 9*32873 



On the 17th of June, at 3h. 50m. the same Time-keeper was foimd 
slow for mean time, at the same place, 17m. 39s. the Chronometer had 
therefore lost 48s-l in 10 days ; and 48sl -r- 10 = 4s-81 the daily 
rate losing. 

To find the Error at Greenwich for mean noon on the 17th June. 

h. m. 8. 
Longitude of New York 74** 7' W. in time - - - =z 4 56 28 

Chronometer slow for mean time at New York at 3h. 50m. P.M. 1 7th, add 1 7 39 

Chronometer slow for mean time at Greenwich at time of observation - 
Proportion of daily rate for 8h. 46m. ..... 

Chron. slow for mean noon at Greenwich 17th Jane, 1844 



5 14 



70 
17 



5 14 5*3 



i 
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Here we may call the error 51i* 14m. 5s. and the daily rate 4*88. it 
being always sufficient for nautical practice to use the nearest second 
of the errofTy and nearest tenth of a second of the rate of a Chrono- 
meter. But in the work to find the error on different days, for the 
purpose of ascertaining the rate; the fractious of seconds of time 
ought not to be neglected. 

Altitudes -observed on different days^ for the purpose of finding the 
rate of a Time-keeper, should always be taken on the same side of 
noon, and as near the same time of the day as possible. The interval 
between the observations ought not to be less than 4 days, nor greater 
than 12 or 14 ; for when the interval is only 1 or 2 days, a small error 
in either of the observations will materially affect the rate ; and if tha 
interval be too long, any irregularity in the going of the watch is not. 
80 Ukely to be detected. 

When the error and rate of one Chronometer are found, it is veryr 
easy to ascertain the errors and rates of any number of watches, by 
comparing each at two separate times with the one whose error and 
rate are known. For example. Let the Chronometer, of which the 
error and rate are found in Example II. be called No. 1 : it is required 
to find the error and rate of a Chronometer, No. 2. 



June 7. — Time by Chronometer, No. 1 . . 

Time by Chronometer, No. 2 - 

No. 2 Slow of No. 1, tt 3h. 26m. on 7 June 



June 17 — Time by Chronometer, No. 1 

Time by Chronometer, No. 2 - 

No. 2 Slow of No. 1, at 3h. 54m. 17 June 

Here the interval being so nearly 10 days^ may be taken as such ; 
and as No. 2 has gained Im. and 6s. on No. 1, during that time, it 
has therefore gained 6-6s. daily on No. 1 : but the rate of No. 1 is 
4*8s. losing, hence the rate of No. 2 is — 6*6s.— 4*8s.=l'8s. gaining. 



h. 


m. 


8. 


3 


2G 


29 


2 


39 


— 





47 


29 


h. 


m. 


8. 


3 


54 


23 


3 


48 







46 


23 



As the rate of No. 2 is small, it will be sufficient to apply the differ- 
ence of the times shewn by the Chronometers on that day^ to the 
Error of No. 1, for noon at Greenwich, on the 17th June. Now 
No. 1 is 5h. 14m. 7s. slow for mean time at Greenwich, when the ob- 
servation is made on the 17th June, and No. 2 is 46m. 238. slow of 
No. 1 at the same time ; therefore No. 2 is 6h. Om- 30s. slow for mean 
time at Greenwich on the 17th June, and its daily rate is l'8s. gaining. 

Or the errors of No. 2 for mean time at New York, when the ob- 
servations were made on the 7th and 17th June, may be found by 
comparing it with No. 1, and by these errors the rate and error of 
No. 2 may be deduced in the same manner as those of No. 1. Thus, 
on the 7th June No. 1 is 16m. 51s. slow for mean time at New York^ 

9 
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and at the same time No. 2 is 47m. 29s. slow of No. 1 ; therefore 
No. 2 is Ih. 4m. 20s. slow for mean time at New York on the 7th Jone^ 
and on the 17th Jnne No. 1 is 17m. d9s. slow for mean time at New 
York ; and at the same time No. 2 is 46m. 23s. slow of No. 1^ there* 
fore No. 2 is slow for mean time at New York Ih. 4m. 28. on the 17th 
June. Hence the Chronometer^ No. 2, has gained 18s. in 10 days^ 
which gives the daily rate I'Ss. gainings as before; and by adding the 
Ih. 4m. 2s. the error of the watch on the •17th^ to 4h. 56m. 288.^ the 
longitude of New York in time^ the sum 6h. Om. 30s. is the error of 
No. 2 for mean noon at Greenwich. 

When the Rates and Errors of several watches are to be deduced 
from the same observations^ they should each be compared with the 
one of which the time is noted^ as near to the time of observation 
as possible^ that the rates, &c. of the other watches may not be af- 
fected by any irregularity in the going of that one by which the time 
is taken. 



SECOND METHOD. 

To find the Error and Rate of a Chronometer by altitudes of a fixed 
Star, taken by means of an artificial horizon. 



RULE. 

1. Choose a Star^ of which the declination is of the same name as 
the latitude of the place of observation^ find^ in Table IX. the alti- 
tude by which the horary angle may be found with the greatest ac- 
curacy, and let the altitude of the Star be observed when the angle on 
the instrument is as near to twice the altitude found in Table IX. as 
possible ; then take a set of altitudes of the Star, with the correspond- 
ing times, by the Chronometer, in the same manner as in the last 
method. 

2. To the Diean double altitude, apply the index error of the Sex- 
tant, which will give tvnce the apparent altitude ; from the apparent 
altitude 49ubtract the correction of the Star in altitude. Table VI. the 
remainder will be the true altitude of the Star. 

8. Proceed by Problem II., and find the mean time; the difference 
between this and the mean of the times of observation by the Chro- 
nometer, will be its error for mean time, and by finding the error at 
some subsequent time, the rate is deduced as before. 
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EXAMPLE. 

1844. Jan. 6d. 81i. M. T., in lat. 56« 84' N., long. 2° 35' W., the 
following alts, of the ^ Castor were observed East of meridian^ in an 
artificial horizon, with the corresponding times by Chronometer^ to 
fiaid its error for M. T., error of Sextant + 40". 



Times by Chro. 

h. ID* s. 

8 7 15 

8 58 

10 46 



Divide bj 3 26 59 



Dble alts. 4e 

79 50 10 

80 23 30 
80 57 20 

241 11 00 



Means . 8 8 59-7 80 23 40 

M. T. obs. 8 4 21-4 Index error + 40 



ChroJutforM.T. 4 38-3 



:4e cor. 

:|^ T. alt 
* P. D. 



80 24 20 

40 12 10 
— 17 

40 11 3 
57 46 33 
56 34 00 



Sam - 154 31 36 



Half Sam 



9|c H. ^ west 
Comp. S. T. M. N. 
4e Red.R.A. 



Less 



Sid. hrs. &c 
Retardation 



77 15 48 

37 4 45 
h. m. s. 
19 41 40-70 
4 59 15-82 

7 24 38-46 

32 5 40*98 
24 

8 5 40*98 
— 1 19-57 



M. T. at place of obs. 
Long, in time W. • 

Gwh. D. - - 

S. T. M. N. . 

AcceL for Lon. W. - 

Red. S. T. M. N. - 



Comp. to 24h. 
9|c DecLred. 



Log. •07265 
-25887 



4-34335 
4-78026 



= 9-45513 



d. h. m. s. 

6 8 

+ 10 20 



6 8 


10 20 


19 


42-49 
+ 1*69 


19 
24 


44-18 
00 


4 59 15-88 


32°13'27"N. 
90 


57 46 33 



M. T. ofobs. - 



8 4 21*41 



On the 13th of the same months at 7h. 40m. P. M. civil time^ the 
error of the Chronometer was again found by Castor, and was then 
5m. 2Is. fast for mean time. Hence the gain in 6 days 23h. 42m. is 
42s'7 ; but the interval being so near 7 days^ may be so esteemed^ 
and 42s'7 -r- 7 = 6s'l the daily rate^ gaining. 



7b find the Error for Mean Noon at Oreenwich on the 18/A Jan. 

h. m. s. 
Longitade of tbe place of obsenration 2° 35' W. in time - - 10 20 
Cbron. £ut for mean time at the place of obsn. at 7h. 40m. P.M. 13th 5 21 



Chronometer slow for mean time at Greenwich, at time of observation 4 59 
Proportion of daily rate for time past nooni at Greenwich,.viz. 7h. 50m. -)- 2 



Chronometer slow for mean noon at Greenwich^ 13th Jannarj, 1844 5 1 
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Equal altitudes of a fixed Star^ oIiMnred at an interval of a few 
days^ may be employed to find the rate of a Chronometer. This is a 
very easy method of finding the rate of a watch, and may be used 
with advantage in any part of the habitable globe, when the stars can 
be seen ; but in high Latitudes, when the Sun's declination is of a dif- 
ferent name, from the Latitude, this is the best method for merely 
finding the rate that can be employed by a person who is, only, pro- 
vided with a Sextant and an artificial horizon. 

RULE 1. Choose a Star, of which the altitude is greater than 10°, 
and less than 60°, when it is at or near the prime vertical ; and when 
the Star is in this position, on any evening, observe its altitude, and 
note the corresponding time by the Chronometer. 

2. In an interval of from 3 to 14 days, again observe the same 
Star, when its altitude is equal to that first observed, and note the 
time by the Chronometer 

3. Take the time from Table A*, page 52, for the number of 
days between the observations ; subtract this time from the time shewn 
by the Chronometer, when the first altitude was observed, the re- 
mainder will be the time that the Chronometer would shew when the 
second altitude is observed, if it were to keep mean time exactly. 
Now it is plain, that if the time shewn by the Chronometer at the in- 
stant, the second observation is made, be greater than the remainder, 
the watch is gaining ; but if the time by the watch of the second 
observation be less than the remainder, the watch is losing; the 
difference, in either case, being divided bv the number of days in the 
interval, will shew the daily rate. 



EXAMPLE. 

December 1, 1844, in Latitude 51° 30' N. the altitude of Aide- 
baran, observed in an artificial horizon, was 41° 5' 20", and the 
time shewn by a Chronometer at the instant the altitude was observed 
was 6h. 56m. 44s. ; on the 10th of December, when Aldebaxan had 
the same altitude, the time by the Chronometer was 6h. 21m. 3s. : 
required the rate of the Chronometer ? 

h. ID. 8. 

Time on Ist Dec when the SUr's Altitude was 4V h" 2&' - - 6 56 44*0 
Time from Table A* for interval of 9 days - - • - — 35 23*2 



Bemainder, or time the Chr. ought to shew lOtb Dee. when Star's 

altitude is 4 r 5' 20" 6 21 20-8 

Time shewn by Chr. on the 10th Dec. when the Star's alt was 4 r 5' 20" 6 21 30 

Loss of the Chronometer in 9 days (divide by 9) - - - 17*8 

Daily rate of the Chronometer, losing - - • - 1*98 
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REMARK. 

By setting the Sextant to the degree^ or degree and a half on each 
side the prime vertical, a set of observations may be obtained. The 
correctness of the result, in all cases, will depena upon the exactness 
with which the index is set at the time of the second observation, and 
so on, and upon its error continuing the same at each date of obser- 
vation. 



THIRD METHOD. 

To find the Errors and Rate of a Chronometer by means of the Lunar 

Distances. 



RULE. 

1. When there is a good opportunity for observing the distance 
between the Sun and Moon, or between the Moon, and a Planet, or a 
Star, observe several sets of distances with the Altitudes of the 
objects, and note the times by the Chronometer when the observa- 
tions are made. 

2. Deduce the apparent distance and apparent altitudes of each 
set, and from these nnd, by Problems III. and IV., the mean time 
at Greenwich answering to each set of distances; the difference 
between the mean time at Greenwich^ as found by any particular set, 
and the time shewn by the Chronometer when that set is observed^ 
will fihew the Error of the watch, for mean time at Greenwich ; find 
the Error for each set, and take their mean as the Error for mean 
time at Greenwich^ for the hour^ nearest to the mean of the times of 
observation. 

8. At an interval of at least 8 or 10 days, again find the Error of 
the Chronometer ; then having the Errors at two given times, find 
the Rate, as in the foregoing methods ; and also the Error for the 
noon at Greenwich^ nearest to the last found Error. 
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EXAMPLE. 



1844. September 8d. 211i. 12m. 208. M. T. ship in Ion. 22° 7' W., the follow- 
ing observations were taken to obtain the error of Chronometer S. eye at 16f.^ 
time shewn by Chronometer lOh. 33m. 17s. 

If. T. SUp . 3 21 12* 20 Alt. ^ - 48*" 16' D '• lemid. 14' 46'' 3 '• o^ •^^ ^^"^ 1^ 

ton. in time W. + I 28 28^"^ + ^3153} + 12 Aug. . 7 



Gwh.D. 



3 22 40 48 0'i App. alt. 



48 28 



Red. semid. 14 53 > 
Dip . — 3 53 V 

]) 's tpp. alt. 



- +11 



31 29 



Obt.diit. 
Sam of Semidt. 

App. diit 



D — O E. ]) '8 Hor. Px. 54' 12" Log. "OeiS — 0613 
95*" 9' 33" 0'i tpp. alt. 48*" 28 Log. '5858 
+ 30 46 D 'a app. alt. 31 29 - 



lit oorr. 
2d corr. 
8d. corr. 2' 15" 

0'iPx. 



2' 15"! 
- 5 / 



95 40 19 

4 19 14 
4 57 12 

2 10 



•7421 
Log. S. -9979 T. 2-0030 



1*6450 



T. dist. (less 10°) 94 58 55 Pro log. of diff. 45' 37" 
^^t'sdl'Slh! ^} 93 44 32 Pro log. from N. A. 



Diff. 



45 37 Pro log. of interral 



M. T. at Greenwich 

Time by Chronometer S. + ISh. 

Chronometer slow for Gwh. M. T. 



28064 



•5961 Time from N. A. 21 
•3456 



•2505 = . 



1 41 6 

22 41 6 
22 33 17 

7 49 



By five other sets of sights taken after this^ the following errors were obtained 







Chro. S. 






h. m. a. 


Set 1 (above) 


m 


22 33 17 


„ 2 . 


m 


36 21 


„3 . 


m 


39 1 


„ 4 


m 


42 40 


„ 5 . 


m 


47 17 


„6 - 


m 


49 32 


DiTide by 6 


- 


• 


Gwh. M. T. 


. 


. • • 



Lnnars. 
h. m. s. 



Errors, 
m. a* 



22 41 6 




7 49 


44 8 




7 47 


46 54 




7 53 


50 25 




7 46 


55 2 




7 45 


57 22 


• « 


7 50 


294 57 


289 



- 3 22 42 9 Chro. slow 7 48 for M. T. Gwh. 
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EXAMPLE. 

1844. September 19d. 51i. 83m. Greenwich M.T.^ the following 
apparent altitudes and distances were deduced from obsenrations to 
find the error and rate of Chronometer S. The Moon being nearly 
at the same distance on the opposite side of the Sun^ as when the 
former sights were taken to obtain the error of S. Time shewn by 
Chronometer S. 5h. 24m. 86s. 



// 



> 's red. hor. px. 58 57 

0*1 tpp. alt. 38 53 

D '• app. alt. 26 59 

App. dist. - 95 53 15 



Ist oorr. - 
2nd corr. - 
3rd corr. 2' 13" 1 
0'iPx.— 4 / 



4 22 48 
4 57 15 

2 9 



T. Dist. (less 10"") 95 15 27 



Log. 



•0248 
•6622 

- S. -9977 



1-6847 



•0248 

•8032 
T. -9867 



1-8147 



pro log. of diff. 
pro log. from N. A. 



V 23' 8'' -3355 Time from N. A. 
•2664 19d. 3h Om. Ot. 

2 33 31 

pro log. of approx. interral 



Diff. - . 1 23 8 

Diff. of pro logs, in N. A. 7 incg. correction for approx. inter?al 



•0691 



M. T. Gwh. 

Time by Chronometer S. 



5 33 


31 

1 


5 33 
5 24 


30 
36 



Chronometer slow for M. T. Gwh. 



8 54 



Five more sets were observed and the following results obtained : — 







Chro. S. 






Lunar. 






Errors* 






h. m. f. 






h. m. s. 






m. s. 


Set 1 (above) 


• 


5 24 26 






5 33 30 


« 




8 54 


,.2 . 


- 


28 7 






37 4 


. 




8 57 


„3 - 


• 


30 39 






40 


m 




9 21 


»4 . 


• 


32 48 






41 53 


m 




9 5 


«5 . 


. 


34 42 






43 39 


m 




8 57 


„6 . 


- 


36 38 

m m 


- 


• 


45 44 


m 

error 


ofS. 


9 6 


Divide by 6 


241 50 


54 20 


Gwh. M. T. 


19 


5 40 18 


9 3i 


Gwh. M. T. of former observations 


3 22 49 9 


error 


ofS. 


7 48 



tt 



Interval between observations 



15 6 51 9 



Chro. 1 15 has lost. 



The interval may be called 15d. 7h. z: 867 hours, the 75s. lost by 
Chronometer S., divided by the hours of the interval, give '2043 per 
hour X 24h. = 48*9 for daily rate, lositiff. The Greenwich time of 
last found error is 5h. 40m. past noon of 19d. therefore *2043 x ShJ 
= Is. 16 which deducted from 9m. Ss'S the last found error leaves 
9m. 2s. error of Chronometer S., slow for Greenwich M. Noon, Sept, 
19th, and the daily rate losing 49*9. 
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It is not necessary tliat all the observations for finding the errors^ 
at the beginning or end of the interval^ should be made on the same 
day^ nor that the Moon's distances should be all taken &om the same 
object. When the observations^ at the beginning or end of the inter- 
vtu^ are made on different days^ set down all the times at Oreenwich 
with their respective errors opposite to them^ find the siun of the timet, 
and also that of the errors; these sums being divided by the number 
of times^ or errors^ will give the required epoch and the corresponding 
error of the Chronometer. For example^ let the times at Green- 
wich, and corresponding errors of a Chronometer for mean time at 
that place, be as follows : 

Errors of Chronometer slaw for mean time 

1844. Mean time at Greenwich. at Greenwich. 

No. d. h. m. h. m. 8. 

1. March .. 5 4 30 2 6 28 By }) and 

6 5 2 7 11 D and 

6 9 30 2 6 53 }) and Jnpiter. 

7 4 2 7 18 D and 

7 10 2 6 20 D andPolloz. 



2. ditto 

3. ditto 

4. ditto 

5. ditto 



Sums (divide by 5) 32 9 .. .. .. 34 10 



Means 6 11 24 2 6 50 

Here the mean of the times at Greenwich is March 6, at llh. 24m. 
and the mean error, or that which answers to the mean Greenwich 
time is 2h. 6m. 50s. ; and by again finding the error of the watch for 
some subsequent time, the rate may be deduced as before. 

The same degree of accuracy is not to be expected in this method 
of settling the rate of a time -keeper, as may be obtained by altitudes 
of the Sun or Stars taken on shore ; it is, however, as has been before 
observed, the only method that can be employed at sea, and the Na- 
vigator, who carefully practises it, will seldom find 5 miles of error in 
the longitude, as given by a tolerably good Chronometer, during 
a passage of any length, for in this case we do not depend upon the 
exact going of the Chronometer, for a long period, but merely from 
one set of lunar observations to another. 

Sometimes lunar observations and the bearings of some well-known 
point of land may be combined, to obtain the error and rate of a 
Chronometer, and should be had recourse to when no other means 
offer. 
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EXAMPLE. 

1844. Jtay 30d. Ih. 3Qm. M; T. Lat. i4f 29 S., Ion. 6(f E. 
The following app. alts, of and <I, and app. dist. of west of <^, 
were deduced from observations to obtain the error of Chronometer^ 
No. 858. The Qreenwich Date employed to correct the elements 
from the N. A. was 19d. 21h. 80m. Time shewn by No. 868 at 
moment of observation 9h. 29m. 45s.. elevation 15 ft. 



// 



Cor. hor. pz. 
0*s app. alt. 
2> 's app. alt. 
App. Ditt 



l8t. oorr. 
2nd coir; 
Srdcorr. V l^' 



Syspx. — 4 / 



Trae Diit (lest 10^ 
Dift. from N. A. - 



57 49 Log. - 

40 30 00 . 

51 1 00 - 

58 25 43 Log. S. 



•0382 - -0332 
•6475 

•6694 
9305 Log. T. 1*2114 



4 15 56 - . 1*6112 

5 27 87 1-8140 

1 8 



58 10 24 pro log. of 16' 88'' - - 1*0343 

57 53 46 at 19(L 21h. Om. Os. and pro log. '2818 



16 88 



Corr. for diff. of pro log. N. A., 9 decg. 



M. T. Gwh. 
Time by No. 858 



31 49 approx.intenralz=*7525 
+ 2 



■ h. m. 8. 
19d.21h.31m.5l8., or 9 31 51 

9 29 45 



Chro. 8low for Gwh. M. T. 



2 6 



By two more sets of sights of the © and <L, and 3 sets of <t and * 
Antares east of D, the following results were obtained. Set 1 is 
the above. 





Tune by '^6. 858. 




Lunar. 




Diff. 




d. 


h. m. 8. 


d. 


h. 


m. 


8. 


h. m. 8. 


Set 1 


19 


21 29 45 


19 


21 


31 


51 


2 6 


., 2 . 




21 34 40 


• 


21 


36 


44 


2 4 


•, 3 - 




21 87 59 


• 


21 


40 


09 


2 10 


« 4 . 


20 


2 20 06 


20 


2 


22 


18 


2 12 


M 5 . 




2 24 16 


■ 


2 


26 


35 


2 19 


H 6 . 


- 


2 31 27 

• • « ■ 

• • • « 


9 


2 


33 


39 


2 12 


Divide by 6 


120 





11 


16 


63 


Gwh. Date 


20 





1 


58Brro 


rofl 2 10-f 



No. 858 t M. T. Gwh. 
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BXAMPLR 

7b fimi tie Error of Cknmomder iy tie bearimg cf the Land, ifc. 

1844. August lOd. at App. Noon. The Qa<nn Pt bore E. N.B. 
by compass, tiie Tariation of which was ascertained to be ^ pcnnts 
westerly. The obs. lat was 35'' S' S. Tnie bearing N. £. | N. 

Ut.ol»d. . 35" 9^ S. 

Lat. Qiiaiii PL - 54 49 

xoflat. 20 and oonne 5i pis. gife 16^ depu = to » of Ions. €^20^ 
Long, of Qmu pL - - - 19 37 E. 

Lous, of Slii^ . m time Ih. 17m. 8t. ... z= 19 17 



By the mondiig si^ts 19'| East of the merid. of obeerratioo at Nooa the IL T. at Ship^ 

waa (less 12h.) Sh. 49m. 57a. 

The Bierid. 19'i to the West of the A. M. OhserTalioiis voold hate the 

earlier by the amoont of that x kmp via. .... — 1 18 



]i.T.atlIcri£anofNooBobacrTatioii 8 48 39 

GfaoBometer No. 858 shewed at same time .....7271 

Error of No. 858 fiir Noon merid. Slow 12138 

BtimOyE. --.-117 8 



Error for Gfeeawich M. T. ABS.9d. 19h.&e. Slow .... 4 30 

fiir Greenwich M. T. July 20d. Slow 2 10^. 

nee July 20d. -- 2 19^ 

X 60 

139^ 

The iatcrtalhetweeBflie dates of the two enon la 20d. 19h. 30m. equal to 999- 

half horn Qbf whidi divide the loss) 139-5 = -14 
•14 X 48 the hatf-homs ia a day gite 6*72s. as the daily rate, whidi is hidBg, m both 

errors are dow, and the last Is flie greater. 



Ibfirnd tie Error Jbr Mean Noon at Greenwid on tie lOti Augad, 

being tie nearest noon, 

M.T. of last fsod error + 12h. 9d. 20h. 48ss. 39b. 

BtimeE. 117 8 



li. T. at Gncawidi 9 19 31 31 

10 

Before Noon of the 10th 42829 

Pro. part of daOy rate 6r72 for 4h. 29m. = --....+ 1*25 
Last foimd eiTor .--.--.... 4 30-0 



Enor for Greonridi M. Noon, Ang. lOd. Slow 4 31-25 
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On the Management of Chranometen. 

Unless particular care be taken of Chronometers^ it is not to be 
expected that such delicate pieces of mechanism can continue to go 
with regularity; it may^ therefore^ be of service to those who hare not 
had much experience in the use of time-keepers to attend to theybl- 
lowinff remarks : 

1. A Chronometer should be wound up at regular intervals, it being 
very improper to let one that is generally wound up between 8 and 9 
o'clock in the morning run till noon. Great care should be taken to 
avoid circular motion ; therefore, when winding up a Chronometer, it 
must be kept steady, and the key only turned. l%ie number of turns 
of the key should be counted, that the last few may be wound gently 
so as not to butt too sharply. 

2. Chronometers should be placed so as to be as little exposed as 
possible to sudden shocks, firom the sea striking the ship, or from the 
shutting of doors, &c.: they ought not to be exposed to a current of 
air; and nothing magnetic should be allowed to remain near them. 
They should be placed as near the centre of motion as possible. A 
small table, secured to the deck (not to a bulkshead), with a stancheon 
on each side, to prevent people from rolling against it, will be found 
convenient : the table may have a well in it, capable of holding the 
requisite number of watches, with a sufficiency of dry sawdust or 
cotton around them, to break the force of unavoidable concussions 
upon deck or elsewhere, or a box upon the table may be used instead 
of a well in it. Watches should always be kept in the same position 
that they are placed in when first they come on board. As soon as 
they are placed they should be compared. 

3. It is very improper to make a practice of taking a Chronometer 
on deck, when observing altitudes, merely to find the longitude ; for, 
besides the risk of accidents, it is hardly possible to carry^ about a 
Chronometer without giving it too much circular motion. Any sudden 
change of temperature ought also to be avoided : it is therefore proper 
to tske the times of observing the altitudes by a common watch, and 
find the difierence between it and the Chronometer, immediately before 
or after the observation: then this difference being applied to the 
mean of the times of observation by the watch, will show the time by 
the Chronometer answering to the mean altitude. 

4. If a Chronometer be allowed to run down, it will not commence 
going again, after being wound up, until it gets one or two pretty 
quick quarter turns in a horizontal direction, its face being upwards. 
After being set going, a Chronometer will sometimes keep the same 
rate it had before it was let down ; this, however, is uncertain, and no 
dependance can be placed on it, until a fresh rate and error be 
obtained. 

5. When a Chronometer is carried to or from the Ship, it should 
be fiistened by means of the studs and screws, to prevent it from 
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traversing on its gipsbles. Great care should be taken by a person 
carrying a Chronometer^ that it gets no sudden jerks^ or quick cir- 
cular motion. If the X9ie of a Chronometer can be properly ascer- 
tained^ when it is pn board, it ought not to be taken on shore for th^t 
purpose. Commander Richard Owen, in his '^ Essay on Chroino- 
meters/' says that ^^it may be taken for an absolute maxim in general 
practice, that the rate of a Chronometer obtained on shore will not be 
the rate that it will keep when it is removed to a vessel/' 

6. Change of temperature generally produces the greatest altecatioii 
in the rate of a watch. In a paper by Mr. Fisher, published in the 
''Philosophical Transactions,'' for 1820, page 196, it is stated th»t 
'' Chronometers generally go &ster on board of a Ship than on shore." 
Ifix. Fisher ascribes this to the magnetic effect of the iron in the Ship 
on the steel part of the balance of a Chronometer. This is a subject 
that deserves farther attention firom all intelligent Navigators. 

7. The conclusion to be drawn firom the fcxregoing reoiarks is 1^ : 
As soon as a Chronometer is in the Navigator^s bauds, every oppor- 
tunity should be employed to ascertain its error aj^d rate. 1w TivpL^ 
Balls at our large sea-ports were established for this object. Heio^ 
lands and lights, when in soundings, and lunars, on the oc^im, vxwb 
all be resorted to. In addition to these, the prudent Navigator wiU 
not neglect to put into practice the good old maxim, " Latitude, look 
out, and LEAD." 



Table A* is given for the method of finding the rate of a Chrono- 
meter, by equal altitudes of a Fixed Star, observed on different days. 
It will also answer for the method by transits of the Fixed Stars. If 
the acceleration be wanted for any time exceeding 60 days, it may 
be found by adding together the accelerations answering to the days 
in the Table that make up the given time. 

TABLE A*, Acceleration of the Fixed Stars, in Mean Time. 



Sidereal 


Acceleration. 


Sidereal 


Acceleration. 


Sidereal 


Acceleration. 


Sidereal 


Aeceleracion. 


Days. 




Days. 




Days. 




Days. 






h. in. 8. 




h. m. 8. 




h. m. 8. 




h. m. •• 


1 


3 55-9 


16 


1 2 54-5 


31 


2 1 531 


46 


3 ftl-8 


2 


7 51-8 


17 


1 6 50-4 


32 


2 5 491 


47 


3 4 47-7 


3 


11 47-7 


18 


1 10 46-3 


33 


2 9 450 


48 


3 8 43.6 


4 


15 43-6 


19 


1 14 42-3 


34 


2 13 40 9 


49 


3 12 39-5 


5 


19 39-5 


20 


1 18 38-2 


35 


2 17 36 8 


50 


8 16 35*4 


6 


23 35-4 


21 


1 22 341 


36 


2 21 32-7 


51 


3 20 313 


7 


27 31-4 


22 


1 26 300 


37 


2 25 28-6 


52 


3 24 27-2 


8 


31 27-3 


23 


1 30 25-9 


38 


2 29 24-5 


53 


3 28 23-1 


9 


35 23-2 


24 


1 34 21*8 


39 


2 33 20-4 


54 


3 32 19*0 


10 


39 191 


25 


1 38 17-7 


40 


2 37 16*3 


5$ 


3 36 14*9 


11 


43 150 


26 


1 42 13-6 


41 


2 41 12-2 


56 


3 40 10-8 


12 


47 10-9 


27 


1 46 9 5 


42 


2 45 81 


57 


3 44 6*8 


13 


51 6*8 


28 


1 50 5-4 


43 . 


2 49 40 


58 


3 48 2-7 


14 


55 2-7 


29 


1 54 1-3 


44 


2 53 00 


59 


3 51 58*6 


15 


. 58 58-6 


30 


1 57 57-2 


45 


2 56 55-9 


60 


3 55 54-5 
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DIRECTIONS 



FOE ACQUIRING A KNOWLEDGE 



OF TKK 



PRINCIPAL FIXED STARS, 



INTRODUCTORY REMARKS. 

1. — ^The fixed Stars are so called from their appearing to Tetaia 
the same positions with respect to each other. Some of the Stars 
have indeed been observed to change their relative places ; but this 
change^ which is called the Proper Motion of the Stars^ is very slow^ 
and could not be perceived^ without instruments^ in a period of more 
than a thousand years. 

2. — The distance of the fixed Stars from the Earth is so great, 
that no method has yet been found by whidh the distance of any of 
them can be ascertained ; but it is known that the nearest fixed Star 
is at least 80,000 times more distant than the Sun, whose distance 
from the Earth is about ninety-five millions of miles.f Now as the 
Sun^s parallax, that is the angle which the semidiameter of the Earth 
would appear imder to an eye in the Sun, is hardly 9'', it is plain that 
the parallax of the fixed Stars must be quite insensible. The immense 
distance of the Stars is no doubt also the cause of their appearing to 
have no sensible magnitude, when viewed by means of Telescopes of 
the best construction. 

3. — ^There can be little doubt of the fixed Stars being bodies of 
the same nature as the Sun, and that each Star has a system of Planets 
which derive light and heat from it ; for it is not reasonable to suppose 
that bodies of such magnitude as the fixed Stars must be, were 
created merely to give a faint light to the inhabitants of this Earth, 
and the other Planets belonging to the solar system. Indeed the Stars 
visible to the naked eye are not a thousandth part of what may be 
seen through a good T^elescope, the far greater part of which cannot 
be said to give light, or to be in any way usefiil to mankind. 

t See Brinkley's Elements of Astronomy, page 127) second edition. 
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4. — ^The Stars that appear brightest to us are called Stan of the 
first magnitude ; the next in brightness^ Stars of the second magni- 
tude^ and so on, till those that can just be seen with the naked eye, 
which are called Stars of the sixth magnitude ; and the Stars that can 
only be seen with the assistance of a Telescope^ are called Telescopic 
Sturs. Those parts of the heavens that have the appearance of 
whitish clouds to the eye^ are found to be collections of Telescopic 
Stars : these clusters are called Nebuke. The Milky Way is the most 
conspicuous and extensive Nebula^ and the next is the MageUime 
Clouds. The latter can only be seen in southern latitudes^ or in 
places a few degrees North of the equator. 

6. — ^The number of Stars visible to the naked eye^ is £ar from 
being so greats as is generally imagined by those who have not paid 
attention to this subject. It is very seldom that more than one thou- 
sand Stars can be seen at a time. The number of Stars of the first 
magnitude is only about twenty^ and the Stars of the second magnitude 
amount only to about fifty^ in all parts of the heavens. It is there- 
fore far from being difiicult to obtain a knowledge of the principal 
Stars. 

6. — Some Stars disappear at times^ and after remaining invisible 
during a certain intervid^ again make their appearance^ in the same 
place as before : these are called Periodical Stars, Others are observed 
to be brighter at certain times than they are at other times^ but never 
disappear altogether: these are termed Variable Stars. It is very 
probable that the phenomena of the periodical and variable Stars 
arise firom the motion of the Stars on their axis^ and from some of 
them shewing more light from one side than from the other. 

7. — Several of the Stars that appear single to the naked eye^ are 
found, when viewed through a telescope, to consist of two and some 
of three or four Stars : these are called double, treble, &c. Stars. It 
is probable that the Stars forming these are at great distances from 
each other, and that the reason of their appearing to us to be so near 
each other, is from the Stars being nearly in the same line when seen 
from the Earth. 

8. — It has been foimd convenient to divide the Stars into groups 
called Constellations ; to each of which is given the name of some 
celebrated man, or of some animal or other terrestrial object. Many 
of the principal Stars have also particular names, but as it would only 
create confusion to have a name, even, for every Star visible to the 
naked eye, astronomers distinguish the Stars as follows : the first 
letter of the Greek alphabet being attached to the name of any Con- 
stellation points out the brightest Star in that Constellation; the 
second letter the next in brightness, and so on. When the number 
of Stars in a Constellation exceeds the number of letters in the 
Greek alphabet, the letters of the Italic alphabet are next used, then 
those of the Roman alphabet, if required : and when the number of 
Stars is greater than the number of letters in these three alphabets. 
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the remaming Stan are distinguislied by meaxiB of the common 
numericfils. 

9. — ^An imaginaiy circle in the heavens^ or Celutud Sphere, coin- 
ciding with the Equator, is called the equinoctial^ and that which 
coincides with the orM or path in which the Earth moves in its 
revolution round the Sun, is called the ecliptic The equinoctial 
and ecUptic cross or cut each other in opposite points, making angles 
of about 23}° at those points, and their distance from each other when 
greatest, that is at 90°from the points where the circles cross each 
other is equal to the angle at either of the points, or 23}°. 

10. — The Poki of the equinoctial are two opposite points in the 
Celestial Sphere, 90° distant from every part of the Equinoctial Circle; 
and the Poles of the ecliptic are two points in the Celestial Sphere, 
90° distant from every part of the ecliptic. Hence the poles of the 
equinoctial and ecliptic are 23}° distant from each other. 

11. — ^The distance of a Star from the equinoctial is called its decli- 
nation, and the latitude of a Star is its distance from the ecliptic* 
The LONGITUDES and right ascensions of the Stars are reckoned 
eastward from the vernal equinox, that is, from the point where the 
Sun's centre crosses the equinoctial about the 20th of March, the 
right ascension being measured by an arc of the equinoctial, contained 
between the vernal equinox, and the point where a great circle passing 
through the pole of the equinoctial and the given Star, cuts the equi- 
noctial ; and the longitude, by an arc of the ecliptic, contained 
between the vernal equinox, and the point where a great circle passing 
through the pole of the ecliptic and the Star, cuts the ecUptic ; there- 
fore, the longitude or right ascension of a Star may be any arc less 
than 360°, but neitiier the declination nor latitude of a Star, can 
exceed 90°. The right ascension of any object is generally given in 
time, at the rate of one hour to fifteen degrees, this being most con- 
venient for general purposes. The practicisd navigator requires only 
to know the right ascension and decimation of a Star, for the purpose 
of deducing the latitude, or time, from its altitude. 

12. — ^The Zodiac is an imaginary zone or belt 'in the heavens, 
extending 8° on each side of the ecliptic, quite round the Celestial 
Sphere, and contains the orbits or ecliptics of the planets.t There 
are twelve Constellations in the Zodiac, which have the same names as 
the twelve spaces, called the signs of the 2!odiac, each of which occnpies 
80° along the CMsliptic. Formerly the Constellations were actually 
contained in these spaces or signs ; but at present, each Constellation 
is nearly one sign more to the eastward, with respect to the signs of the 
Zodiac, that is, the first Constellation, is now in the second sign, and 
so on. This is occasioned by a slow change in the direction of the 

t The orbits of some of the lately discovered planets are not contained within 
the Zodiac. These planets are very small, and can only be seen by means of a good 
Telescope. 
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Barth^t «xi% with raqpeet to the fixed Stars, which causes the PIom 
of the equinoctial to change its position^ whilst that of the ecliptic 
remains fiiedj or very nearly so. Hence arise the Precession of the 
equinoxes, and tht.VMriaiions ia tbe bngitudes, right ascensions, and 
declinations of the .fixed. Stars. 

The numberof Constellations in the heavens, is about one hundred.. 
The following list is mostly copied from Mackay's work on the Lonp 
gitude:— 



CONSTBLLATIONS AND SlONS IN THE ZoDIAC. 



LfiftiaKimu.. Bnglkb Naaaii. 

Characten. 



Latin Namat. BngUih Namaa. 



1 Aries 

2 Taurus 

3 Gemini 

4 Cancer 

5 Leo 

6 Virgo 



The Ram 
The Bull 
The Twins 
The Crab 
The Lion 
The Virgin 



8 
n 

a 
m 



Charaeteiti 



7 Libra The Balance a 

8 Scorpio The Scorpion ni 
Sagittarius The Archer f 

10 Capricomus The Goat V5* 

11 Aquarius The Water Bearer gff 

12 Pisces TheFbhes x 



CONSTBLLATIONS IN THB No&THBRN HCMISFiHERX. 



1 Una Minor, 

2 UttaMa]or, 

3 Draooy. 

4 Cayhaittk 
5. BoQtei. 

6 Corona Eoraant, 

7 Huronliir 

8 Lyra, 

9 Cysnoi, 

10 Casiiopaia. 

11 Peneut. 

12 Aniigar. 

13 Sarpentariivi.. 

14 Serpens, 
15'$agitts, 
U'Aqalla^^. > 

17 AJltinQ^l•; 

18 Delphinui, 

19 Equleui, 
2e PagaiMt 



EnglitkiNamai, 

Tha LitUe Bear* 
The Great Bear. 
The Dragoon. 



The Northern Crown. 

The Harp, 
The Swan. 



The<WjiggMar. 

The Serpent. 
The Arrow. 
Thei Eagle*: 

The Dolphin. 
The Hone Head. 
The F^^iloBULf. I 



21 Andromeda. 

22 Triangulmn BoreaHa, 

23 Coma Berenieea, 

24 Camelopardalia, 

25 Monoceros, 

26 Triangnlum Minns, 

27 Lynx, 

28 lieo Minor, 

29 Asterion et Chara, 

30 Cerberus. 

31 Vnlpeoula et Anter^ 

32 Soutam SobiMki, 

33 Lacerta, 

34 Mons MflBnalni, 

35 ClorOaroUr 
36ReBn«f 

37 Taurus Regalis, 

38 FHedriches Ehre, 
69 Tubus Henoheitt 

Mi^r, 



JEaglitk yamu* 



Nortiiem Trianghk.* 
Berenice's Hair. 
The Cameleopard. 
The Unieom. 
The Uttle Triaagla^.. 
The Lynx. 
The little Lion. 
The Greyhounds. 

The Fox and Goose. 
Sobieski*8 Shield. 
The Lizard. 
Mountain of AroaMk<^< 
Charles* Heartw 
The Rein Deer. 
The Royal BolL 
n^derick's Glfhry. 
Henchers Gnal^ . 
Telescope. 
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Constellations in the Southern Hemisphere. 



Zaiin Namei. 


Engluh Namet, 


Latin Namet, 


JEnglith Namet. 


1 Cetas, 


The Whale. 


25 Chamelion, 


The Chameleon. 


2 Orion. 


: 


26 Triangulum Australis, 


Southern Triangle. 


3 EridanuB, 


The River Eridanus. 


27 Pisces Volans, 


The Flying Fish. 


4 Leposy 


The Hare. 


28 Dorado, 


The Sword Fish. 


5 Canis M^jor, 


The Great Dog. 


29 Toucan, 


The American Goose. 


6 Canis Mino)r, 


The Little Dog. 


30 Hydrus, 


The Water Snake. 


7 Aigo Navis^ 


The Ship Argo. 


31 Sextans, 


The Sextant. 


8 Hydra, 


The Hydra. 


32 Apparatus Sculptoris. 




9 Crater, 


The Cup. 


33 Fornax Chimiie, 


Chemical Furnace. 


10 Corvas, 


The Crow. 


34 Horologium, 


The Clock. 


11 Centainrus, . 


The Centaur. 


35 Reticulus. 




12 Lupus, 


The Wolf. 


36 Caelum Sculptorium, 


The Graving Tool. 


13 Ara, 


The Altar. 


37 Equuleus Pictoris, 


The Painter's Easel. 


14 Corona Australia, Southern Crown, 


38 Pyxis Nautica, 


Mariner't Compass. 


15 Pisces 'Australis, 


Southern Fish. 


39 Antlla Pneumatica, 


The Air Pump. 


\S Colnmb^ NoacU, Noah's Dove. 


40 Octans, 


Hadley's Quadrant 


17 RoburCarolinum, Tho Royal Oak. 


41 Curcinus, 


Pair of Compasses* 


18 Grus, 


ThQ Crane. 


42 Norma, 


Square and Rule. 


19 Phoenix, 


The Pl^nix. 


43 Telescopium, 


The Telescope. 


2a Indus, 


The Indian. 


44 Microscopium, 


The Microscope. 


21 Pavo, 


The Peacock. 


45 Mons Mensse, 


Table Mountain. 


22 Avis Indica, 


Bird of Paradise. 


46 SoUtaire, 


The Indian Bird. 


23 i^usca. 


The Ply. 


47 Psalterium Georgianum, Georgian Psaltery. 


24 Crux, 


The Cross. 


48 Tubus Herschelii Minor, 


, Herschel's Small 
Telescope. 



Several of th^e Constellations^ as is evident from their names^ have 
.been formed of lato jrears/ partly from the Stars lying between the 
aneient CozisteU^ti^PSy and partly from some of the more remote Stars^ 
which formerly belonged to the old Constellations. In general the 
new Constellanons are smaller^ and contain fewer Stars than the old 
ones. The numbers prefixed to the Zodiacal Constellations shew the 
order in which they^ as well as the signs of the Zodiac are placed. 
The numbers of the other Constellations are prefixed merely for the 
sake of reference. 

It has been .before remarked, that the Stars in the respective Con- 
steUations are represented by the letters in the Greek alphabet; the 
brightest Star being represented by the first letter, and so on. It may 
therefore be useful to give some of the first letters of that alphabet, 
with th^ names or soimds in English. 



Letters. 



Names. 



Letters. 



Names. 



1 


« 


Alpha. 


6 


<orC 


Zeta. 


2 


. & 


Beta. 


7 


7} 


Eta. 


8 


y 


Gamma. 


8 


&or e 


Theta. 


4 


i 


Delta. 


9 


1 


Iota. 


6 


i 


Epsilon. 


10 


X 


Kappa. 
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These letters will be tuflSeient to distinguUL the principal fixed 
Stars. In the following directions^ the letter for any Star is merely 
attached to the name of the Constellation. Thus, Aldebaran is marked 
a Taurus, and PoUiLXy fi Gemini. It may, however, be observed, that 
the propeor designation of these Stars is a Tauri and /3 Gemmarum ; 
the meaning being a in Taurus, fi in Gemini, and the same may be 
understood of the others. 

The distances between the Stars which are given in the foUowinff 
directions arc to the nearest half-degree, and may be readily measured 
with a Quadrant or Sextaut.f 

The bearing is the azimuth circle which a Star is in, when the Stai 
from which the bearing is given is in the zenith : from this bearing, 
the direction between the two Stars is easily estimated at any other 
time. The Stars are distinguished in the usual astronomical method ; 
that is, by giving the name of the Constellation in which a Star is 
situated, with the Oreek letter which marks the given Star prefixed, 
and when the Star has tk proper name, such as Aldebaran, Castor, kc., 
it is also given. The names of the Stars used in the Nautical Alma- 
nac for finding the longitude by lunar observations, are printed in 
small capitals, the names of the others in italics. The number in- 
cluded in a parenthesis after the name of a Star, refers to the moffnU 
tude of the Star. Thus Sirius (1) signifies that Sirius is of the first 
maffnitude ; and a Aquila or Altair (1, 2) means that this Star is be- 
tween the first and second magnitudes. 

As the Pleiades or Seven Stars are almost universally known, and 
can be seen in all parts of the habitable globe, we shall commence at 
this point, and first give directions for knowing the principal Stars in 
and near the zodiac, next for the Stars in the Northern Hemisphere, 
and, lastly, for those in the Southern Hemisphere. 



Directions for finding the Principal Fixed Stars in and 

near the zodiac. 

The Pleiades, or Seven Stars, are in the Constellation Taurus, theii 
declination is about 23^^ N., and thev pass the meridian a few minutes 
before 9 P.M., on the first day of the year. Nearly S.E. by E. boir 
the Pleiades, at the distance of 14^ is a Taurus, or Aldebaran (1). 
This Star, which is sometimes called the BulFs Eye, has a reddish ap- 
pearance, and is very easily known. Nearly in a line from the Pleiades, 
through Aldebaran, at the distance of 16° from the latter, is y Orion, 
or Bellatrix (2) : about 7i° E., a little northerly from Bellatrix, is a 
Orion, or Beielguese (1) : this Star has a reddish appearance nearly like 
Aldebaran. About 9i° S.W. of Betelguese are three Stars of the 

t The initrument, called a Cross Staff, which was fonnerly used in observing 
altitudes at sea, would measure the angular distance between two Stars with su£ES- 
cient exactness for what is required here. 
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second magnitude^ nearly in the same line with each other: these 
Stars are in the £e& of Orion. Nearly in a line firom £e/eiE7ife«e, through 
the middle Star in the Belt of Orton, and at the distance of 9° firom 
the Belt is /3 Orion^ or Sigel (1)4 8^° E. i° S. firom Rigel^ and in a line 
from Bellatrix through the northern part of Orients Belt^ is x Orion 
{2, 3). BeUatrix, Betelguese, Bigely and k Orion, form a trapezium 
round Oribn's Belt, which is sometimes called the Square of Orion. 

Nearly in the same line with the Pleiades and Orients Belt, and 
about 21}° S.E. of the Southern Star of the Belt, is a Canis Major, or 
Sinus (1) : this Star is often called the Dog Star ; it is the brightest 
Fixed Star in the heavens. About 26° nearly East of Betelguese, and 
nearly the same distance N.E. of Sinus, is a. Canis Minor, or PrO' 
cyon (1, 2). Sirius, Betelguese, and Procyon form nearly an equi- 
lateral triangle. A line firom Eiffel through the middle of Orion's Belt 
will point out a Gemini, or Castor (1), the distance between Bigel and 
Castor being about 53° : 4|° to the S.E. of Castor is /3 Gemini oi 
Pollux (1): this Star passes the meridian about eleven minutes 
after Castor, and about 4^ minutes after Procyon. 

At the distance of 37}^ firom Procyon, and nearly in a line with it 
and the Southern Star in Orients Belt, is a Leo or Begulus (1); and 
nearly in the same line, at the distance of 24J° E. by N. from 
Reoulus is /3 Leo or Deneb (2) : about 35}° E.N.E. fi*om Deneb, or a 
little North of a line firom Reoulus through Deneb, is a Bootes or 
Arcturus (1): about 33° S.S.W. of Arctwrus, and 35° SJB. of Deneb, 
is a Virgo or Spica (1). Deneb, Arcturus, and Spica form nearly an 
equilateral triangle, and nearly in the centre of this triangle is 6 Virgo 
OF Vindemiatrix (2, 3). 

Nearly in a line firom Rboulus, through Spica, at the distance of 
46}° firom the latter, is a Scorpio, or Antares (1) : tiiis Star has a red- 
dish appearance, like Aldebaran, or Betelguese. A little North of a 
line joining Spica and Antares, and about 21° firom Spica, is a Libra, 
or Zubenesch (2, 3) : this is a double Star, about 9° N.E. of Zubeneseh, 
is /3 Libra, or Zubenelg (2, 3). At the distance of 60° N.E. by E. from 
Antares, is a Aquila, or Altair : this Star may also be known by 
its being 100° E. by N. firom Spica, and a little North of a line firom 
Spica, through ZuAenelg, and by its being situated in the southern 
border of the Milky Way, considerably distant firom any other bright 
Star. 

About 14° N.E. by E. of Altair are four Stars of the third or 
fourth magnitude, in the Constellation Delphinus : these four Stars are 
very near each other, and form a kind of lozenge or diamond figure. 
A line firom Altair, through this figure, at the distance of 49° from 
Altair, will point out /3 Pegasus, or Scheat (2). 14° E. of Scheai, 
is a Andromeda,, or Alpheratz (2). 14° S., a little westerly firom AJ* 
pheratz, is y Pegasus, or Algenib (2j. 17° nearly West of Algenib, and 
13° S. of Scheat, is a Pegasus or Marcab (2). Scheat, Alpheratz, 
Algenib, and Marcab form what is generally called the Square of the 



— ^JJ J ^ — 

comer of the Square. 
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Majlcab being 



A line from Scheat, through Mabcab^ being produced to the 
tance of 44" from the latter Star, will point out a Pisces AustraliB, or 
FoMALHAUT (1). Altair, Mabcab, and FoMALHAUT form nearly a 
right-angled triangle, the right angle being at Marcab. Nearly in a 
line joining Marcab and the Pleiades, and about 23° W. of the latter^ 
is a Aries, or Abietis (2, 3). Arietis may also be known by being 
a little to the South- West of a line from Betelguse, through Aldb- 
BARAN, its distance from the latter Star being 364*^. About 4° S.W. 
by W. from Arietis is /3 Aries (3). 23i° S.E. by S. from Arietis^ 
and a little North of a line from Betdguese through BeUatrix, at the 
distance of 36° from the latter Star, is a Cetus, or Menkar (2). Men^ 
kar may also be known by being in a line with Bigel and Algemb, and 
rather nearer to Bigel than to Algenib. About 5° W.S.W. of Mmkar 
is y Cetus (3). 



Directions por Knowing the Principal Fixed Stars in thb 

Northern Hemisphere. 

The Pole Star, or « Ursa Minor, is very generaUy known. This 
Star is between the second and third magnitudes, and is situated in 
the point of the tail of the Little Bear. A line from Procffon through 
Coitar will nearly fall into the Pole Stttr, at the distance of 58^ frrai 
Castor. 

The most conspicuous Constellation near the North Pole is Ursa 
Major, or the Great Bear ; there are seven bright Stars in this Con- 
stellation, between the first and third magnitudes. When these Stars 
are near the meridian, above the Pole, the four western Stars form a 
trapezium, and because a line through the two Stars farthest to the 
westward will nearly fall into the Pole Star; they are called the 
Pointers. The northern pointer is a Ursa Major, or Dubhe (2, 1) ; 
and the southern pointer, or that farthest from the Pole Star, is /8 
Ursa Major (2). The most northern of the two eastern Stars of the 
trapezium is J Ursa Major, and the other is y. These four Stars are 
in the body of the Great Bear. The three remaining Stars are in the 
tail ; that next the body is e Ursa Major, or Alioth (2, 3) ; the next 
to this is ^, or Alcor (2, 3) ; and the one in the point of the tail is n, 
or Benetnasch (2, 3). The seven most conspicuous Stars in Ursa Minor 
form a figure which has a great resemblance to that formed by the 
seven Stars already described in Ursa Major; a Ursa Minor, or the 
Pole Star, being, as before observed, in the point of the tail. 

A line from Rigel to the Pole Stttr will nearly intersect « Auriga, 
or Capella (1). This Star is 43^° from the Pole Star, and 54° from 
Rigel. Capella may also be known by its being in a line from Men^ 
kar through the Pleiades, and about 28° to the N.E. of that cluster. 
About rr E. by S. from (JapeUa is /3 Auriga (2, 3). 
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Nearly in a line between Benetnasch, the Star in the point of the 
tail of the Great Bear, and Deneb, in the tail of the Lion, is a Cor 
Caroli (3). This Star is about 28° from Deneb, and 14J° from Benet- 
nasch, A little East of a line joining a Cor Caroli and Deneb, is the 
nebulous Constellation of Coma Berenices. 

About 26i° from the Pole Star, and nearly in a line joining it and 
Arcturui, is « Draco (2, 3). About 19° E.N.E. of Arcturus, and 
nearly in a line with i>ubhe and Alcor, is a Corona Borealis, or Al- 
phacca (2). Alphacca, and seven other Stars of the fourth and fifth 
magnitudes, form a circular figure, which is very easily distinguished : 
these eight Stars are all in the Constellation of the Northern Crown. 

A line from Arcturus, through the northern part of the circular 
figure in the Northern Crown, will point out « L^a, or Vega (1) ; the 
dutance between Arcturus and Veffa being 59°. About 24° E.N.E. 
of Veffa is « Cygnus, or Arided (2, l).t Veffa, Arided, and Altaib, 
form nearly a right-angled triangle, the right angle being at Vega. 
Altaib is about 34^° from Veffa, and 38° fi^m Anded, 

About 18° N.N.E. frt)m Arided is a Cepheus, or Alderandn (3); 
and 20i° E. by N. from Alderamin is fi Cassiopeia (2, 3) : this Star, 
Scheai, and Arided, form nearly an equilateral triangle, the side 
of which is about 33^°. At the d^tance of 5° nearly East of /3 Cassio- 
peia is ot Cassiopeia, or Schedar (2, 3). Some of the Stars in the Con- 
stellation of Cassiopeia form a figure which resembles a chair. 

A line from Alioth (the Star in the tail of the Great Bear, which is 
nearest to the body), through the Pole Star, being continued, will pass 
through the middle of the Constellation of Cassiopeia : the principal 
Stars in this Constellation are nearly at the same distance from the 
Pole Star as those of the Great Bear. 

Nearly in a line with Schedar and fi Cassiopeia, at the distance of 
19i° from Schedar, is y Andromeda, or Almaach (2) ; and about 13° 
W.S.W. of Almaach, is /3 Andromeda, or Mirach (2) : this Star, with 
/8 Cassiopeia and Almaach, forms nearly a right-angled triangle, the 
right angle being at Ahnaach, 

About 12° E.S.E. from Almaach is /3 Perseus, or Algol: this is one 
of the most remarkable of the Variable Stars, it being when brightest 
of the second magnUude, and when least bright only of the fourth. 
About 9J° N.N.E. of Algol \s a Perseus, or Algenii (2): this Star 
may also be known by being nearly in a line with Pollux and Ca- 
peUa, and about 19° to the W.N. W. of the latter. 

t This Star is often called Deneb, as well as Arided; we have chosen the latter 
name in order to distinguish it from Deneb in the tail of the Lion. 
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DimscnoHs Fom fixdixo ths Pkixcipai. Fixed Stass nr thb 

SoUTHK&lf HkMISPHKUE. 

A fitde West of a line from Aldeba&an through Riffei, at the 
iHfft*^^^ of 46}° finom the hitter Star, is a Argo Navis, or Camopms (i) : 
dds is a Teiy biig^t Star, and may also be known by its being a Ihtle 
East of a fine finom Cagtor thixnigh Sirnu, and about 37}° nearly 
South of the hitter Star. About 20° N.N.W. of Cmopm», is c Co- 
faimba Noacfai (2). 



In a fine finom Betetgu/e^e through Strius, and about 73^ finom the 
hitter Star, are four biig^t Stars, forming the ConsteUation called 
Crux, or the Cross. The Stars in this Constellation are disposed as 
fidlows : s (1) is the most southern Star, and is in the fi)ot of the Cross ; 
fi {1, 2) is in the Eastern arm ; y (2) in the head, and $ (3) in the 
Wertem arm. About 12° £. N. £. of « Crux, is fi Centaurus (1)^ 
and 5° East of this Star, is a Centaurus (l).t 

About 42° East, a little Northern finom a Centaurus, and 52^ 
S. by E. of Antaess, is a Pavo (2). About 40° East of « Pavo, and 
39° S. E. by S. of Fomalhaut, is a Eridanus, or Aehemar; these 
three Stars form nearly an equUateral triangle. 

A line finom Castor through Pollux, will point out a Hydra, or 
JUphard (2) ; this Star being about 44° to the S.E. of Pollux, and 
29* S. S.W. of Regulus. Procyon, Alphard, and Regulus form 
neazfy a right angled triangle, the right angle being at Alphard. 



On rimoiNG the Latitude by the Fixed Staes. 

The best times for observing the Altitude of a Star, is during 
the morning or eTening twilight, or when there is moonlight; the 
horison being more distinct at these times than it is when the night is 
dark. A Utde practice will, however, enable a person to take the 
Attitude of a Star with sufiSdent accuracy, for nautical purposes, 
during any tolerably dear night. 

When observing the Altitude of a Star by the common Quadrant, 
the horizon will be better seen if the nght vane be turned horisontalfy, 
and the sight directed over it, instead of through the hole. 

t It must be observed, that when drcumpolar Stars are near the meridian below 
the Pole, the bearing or direction between the Stars appears to be revoked : thus 
the pointers to the North Pole Star, which are the two western of the seven bright 
Stars in the Great Bear, appear to be to the eastward of the others, when Sat 
eonatellation is near the mericuan below the Pole. 
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To find the Latitude by the Meridian Altitude of a Fixed Star. 

RULE. 

1. From the Obienred Altitude of the Star subtract the Correction 
from Table XXVII., the remainder will be the true Altitude^ which 
being subtracted from 90°^ will give the Star's Zenith Distance^ which 
is to be called North or South, according as the observer is North or 
South of the Star when its Altitude is observed. 

2. Find the declination of the Star by the Table of Fixed Stan, 
p. 432, Nautical Almanac. Then if the zenith distance and declina- 
tion be both North, or both South, add them together, the eum will 
be the latitude of the same name with the declination ; but if one be 
North and the other South, their difference will be the latitude,'of 
the same name with the greater. {See N. A., p. 584.) 

EXAMPLE. 

1844, May 10, required the latitude where the observed meridian 
altitude of Ardurue, south of the observer, is 68^ 24', the height of 
the eye being 18 feet ? 

Obienred altitude of Arctmna - . - . 63" 24' H) 

Correction from Ttble XXVII. - - - - - — 4 '8 

Star's true altitude 63 19 -2 

90 

Star's zenith distance 26 40 "S N. 

DecL of Arctoms from N. A. 19^ 59" 49''-67 N.l 

Ann. var. 18''-941 X '356 fraction \ Ded. May 10 19 59 -7 N. 

of the year =: - - — 6 '74 J 

Latitude 46 40 -5 N. 

When the altitude of a Star is observed on the meridian behw the 
Pole, the latitude is found by adding together the Star's true altitude 
and its polar distance. The latitude will, in this case, be always of 
the same name with the declination of the Star. 



EXAMPLE. 

1844. The altitude of y Draco, or Raetaban, observed on the 
meridian, below the Pole, being 14^ 11', and the height of the eye 
12 feet: required the latitude ? 

Ohaerfed altiitode of Basiaban 14'' ll'-O 

Correction from TaUe XXVIL 7*1 

Star's true altitude .-..-• 14 3*9 

90^51'' SO'-S the Star's ded.= Star's polar distance - 38 29 5 N. 

Latitude 52 33-4 N. 
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The time of a Star's passing the meridian, below the Pole, is 
llh. 58m. different from the time when it passes the opposite meri- 
dian; therefore llh. 58m. being subtracted from the time of a Star's 
passing the meridian, as found by its R. A. from the table of Fixed 
Stars, p. 432 N. A. and Table XXYI., the remainder will shew the 
time of the preceding transit below the Pole, or if llh. 58m. be added 
to the time of a Star's passing the meridian, as found above, the sum 
will be the time of the folbnving transit below the Pole. 
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EXPLANATION 



OF 



THE TABLES. 



TABLE A. 

For converting Mean TlmBf Hours, ^., ^c, into their Equivalents in 

Sidereal lime. 

Ths giOceleratioBg are portion^ of sidereal time to be added to mean 
time. It is also uied tox reducing the sidereal time meaa uoon^ as 
found in the Nautical Almanac^ to aoy other meridian. Add the 
acceleration in West longitude to the sidereal time mean nooA i sub- 
tract it in East longitude ; when the exact longitude is not found at 
once^ it will be necessary to enter the Table^ with such portions of it^ 
as will make up the amount; and the corresponding accelerations 
added togetherrwill be the acceleration fqr the whole longitude. 

TABLE R. 

For reducing Sidereal Hours, Minutes, ^c, to their Equivalents in 

Mean Time. 

' R. portions of mean time^ to be subtracted. 

TABLE P. 

The parallax in altitude of the Planets to be deducted from the 
refraction corresponding to the altitude^ the reault is the Planet's 
correction of altitude. The Star's correction of altitude is the re- 
fraction. {See Example^ p. 30, and Table VI.) 

k 
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TABLE I. 

To reduce Longitude into Time, or Time into Longitude. 

The use of this Table will be easily understood by attending to the 
following Examples : 

I. 

What time answers to longitude ll"" 42' 30'' ? 

h. in. 8. 



ir (y 0" 

42 
30 


• 


5 8 

2 48 

2 


Time required 


5 10 50 



II. 

Required the longitude answering to 7h. 23m. 28s.? 

h. m. 8. 

7 20 = 110° 0' 0" 
3 28 =: 52 



LoD^tude required - - 110 52 

This Table being chiefly intended to turn longitude into time, and 
the contrary, is only extended to 180°, and to 12h.; it is, however, 
easy to find the time answering .to an arc greater than 180°, or the 
corresponding arc for a given time exceeding 12h.; for Example, 

Let it be required to turn the arc 269° 21' 44" into time? 



Arc - - - - 

Subtract - - - 


- 269° 21' 44" 

- 180 


— 


h. 
12 

5 


m. 


56 

1 


8. 




Remainder - - 


- 89 21 44 and 89° 

21' 
44" 




24 

3 


Arc in time - - 


17 


57 


27 



In a similar manner may the arc be found, for any time, between 
12 and 24 hours. 

TABLE II. 

Dip of the Horizon, 

This Table contains the Dip, or Depression of the visible Horizon 
of the Sea, when the sight is unobstructed. The dip is always to be 
subtracted from altitudes observed by the fore observation; but if the 
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back observation be used, the dip must be added to the observed 
altitude. 



TABLE III. 

Dip of the Horizon, at different Distances, from the Observer. 

If the Image of the Sun^ or any other celestial object, be brought 
in contact with the surface of the water, at any point nearer to the 
Observer than the most distant visible horizon, it is plain that the dip 
will be greater than that given in Table II. ; therefore in situations 
near the land, when the Sun or other object is over it, the dip is to 
be taken from this Table. Thus, if the height of the eye of an ob- 
server be 20 feet, and his distance from the land 1 mile, the dip is 
II minutes. 

The distance from the land can generally be estimated with suffi- 
cient accuracy, particularly if the distance exceeds a mile, and the 
height of the eye not greater than 20 feet : if the height be more than 
20 feet, and distance less than a mile, it is necessary to be very exact 
in both the arguments. 

TABLE IV. 

Moon's Auffmentation. 

The Moon^s apparent semidiameter, as given in the Nautical 
Almanac, is adapted to her distance firom the centre of the Earth. 
But when the Moon is in the zenith of any place, she is nearer to an 
observer, in that place, than she is to the Earth's centre by about 4000 
English nules (the diameter of the Earth being nearly 8000 miles), 
now the Moon's mean distance from the Earth's centre being about 
240,000 miles, it is evident that the Moon's diameter will appear 
under an angle ^^th part greater to a person who is nearer to her by 
4000 miles, for 240,000 -r- 4000 = 60; and as the Moon's semi- 
diameter, when at her mean distance from the Earth, is about 15' 42'', 
the greatest augmentation of the Moon's semidiameter will in this case 
be 15" 42", that is, one 60th of 15' 42". When the Moon is nearer 
to the Earth than her mean distance, the greatest augmentation of 
semidiameter exceeds 15" 42"', and the contrary is the case, when the 
Moon's distance is greater thim her mean distance from the Earth. 

When the Moon is in the horizon of any place, her distance from 
that place is so nearly the same as the distance from the Earth's 
centre, that the augmentation is insensible. Supposing the Moon's 
distance from the Earth to remain the same, as her altitude increases 
she approaches an observer, and therefore, at any altitude between 0° 
and 90°, the augmentation will be between 0", and the Moon's 
greatest augmentation of semidiameter. 
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TABLE V. 

Contraction of Semidiameter of the Sun or Moon. 

As the effect of refiraction is greateir 4dm the lower limb of the Sun^ 
or Moon^ than on the upper limb^ the apparent vertical diameter 
is always I^ss than thd spfiMre&t h(!»lMlittal >diftmeta% in ^ quantity 

anal to the difference of the refractions on the upper and lower limbs, 
lus, if the observed dtitudfe df the Sim's lower limb be 3° &, wben 
his diaiiieter^ by the Nautical AlmssMic^ is Sii\ the observed altitade 
df the upper liirtib wfll not be 8° 32', but only 3° SC SO*, becsofire 
the refraction on an object, n^^n it is ftpparently 3^ above the horizon, 
is 14' 36" ; but when the apparent altitude of an object is 3° QOf, Ihe 
refraction is only 13' 6", in this case, therefore, f^ horiaontal diattiet^ 
of Vhe Sun would be greater than the vertical 4iiimeter by 1' 30", for 
the contraction of the vertical semidiameter would be 45". 

When the distance between the Sun ^asid Moon is c^iMsrved, if the 
altitude of either objeet be less than 12°, atid the idtitudeof the cftitxet 
above 20°, the correction from this Table oilght to he 'subtractedfrom 
ihe semidiameter of the lower object, before it is aippUed to the ob- 
served distance. 

When the altitudes of the objects are nearly the same, when the 
distance is observed, no correction is necessary. When the objects 
are both in the same azimuth circle, or in opposite azimuth circles, 
a line from the centre oi eithcfr object, to that part of the limb from 
which the distance is taken, will make an angle of 90° with the 
horis(<m, therefore, the whole effect ci the difference of refraction on 
the centre of the object, and the obiierved limb, must be s^lied to the 
^eixlidiatneter. When the objects tife in any other ^position, the au^e 
With tbe horizon may be estimated with sufficient exactness, by takmg 
notice of the inclination of the plane of the Sextant with the horison, 
at the same time the distance is observed. 

The inclination which a plane, passing through the two objects, has 
to the horizon, is found at the top ; and the ap^arrait altitude, in the 
left-hand side column under th<^ former, and oppoate to the latter, is 
the contraction (jii semidiamet^. 

EXAMPLE. 

The Moon's semidiain^ter being 16' 4" by the Nautical Almanac, 
when her apparent altitude is 6° 40', and the inclination to the horizon 
of the plane passing through the Sun and Moon 78° : required the 
semidiameter to be applied to the observed distance? 



Moon's horizontal lemidiameter . - . - • 
Moon'a augmentation of semid. by Table lY. • 
Contraction of the Moon's semidiameter - - 

Semid. to be applied to the observed distance - 15 51 



16' 


4" 


+ 


2 




15 
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TABLE VI. 

Corrections of the Apparent Altitudes of the Sun and Stars. 

The Sun^s correction in this Table is the mean refraction in altitude, 
lessened by the eflfect of the parallax of the Sun, on the same altitude. 
The Star's correction is the mean refraction in altitude. 

Note. — ^The correction of the Sun's altitude should be taken out for the apparent 
altitude of the observed limb, and not for the apparent altitude of the Sun's centre. 
By this means the error in altitude, arising from the contraction of the Sun's 
▼ertical semidiameter, will be avoided. 

TABLE Vn. 

To Correct the Mean Refraction. 

The corrections in Table VI. are calculated for that state of the 
atmosphere, in which the height of the Barometer is 29*6 inches, 
and the height of Farenheit's Thermometer 50°; but a variation in 
either the weight or temperature of the air, causes a difference in the 
quantity of the refraction, it is therefore necessary when the altitude 
of an object is low, and great accuracy requirea, to apply the cor- 
rections from this table, to the correction found in Table VI. for any 
variation, in the height of the Barometer, from 29* 6 inches, and in 
the height of the Thermometer, from 50°. 

EXAMPLE. 

The apparent altitude of the Sun being 6° when the Barometer 
stands at 29*75 inches, and the Thermometer at 76" : required the 
proper correction of the Sun in altitude ? 

Correction for Sun's apparent altitude 6° from Table VI - • 
Opposite app. alt. 6% and under height of Ther. 76°, is - - ■ 
Opposite app. alt. 6°, and over height of Bar. 2975, is - - « 

Correction required .-•.-- ........749 

TABLE VIII. 

Correction of the Moon's Semidiameter, or Hoinzontal Parallax, 
for any given time, between Noon and Midnight^ or of the Sun's De- 
clinationfor a given time, from the preceding noon. 

This is a Table of proportional parts. The corrections to be ap- 
plied to the Moon's semidiameter and horizontal parallax, as giveu in 
the Nautical Almanac at noon or midnight, so as to reduce them to 
any other Greenwich time, may be accurately found by this Table. 



8' 


18" 


— . 


31 


+ 


2 
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If the Sun's decfinotion be reqnired to the nearett teecmd, the oonree- 
tion may be found by Table X. 

TABLE IX. 

AUUudeM by which the Apparent Time, or Horary Angle, may be found 

with the great^ accuracy. 

When an object is observed in the prime rertical, the time, deduced 
from its altitude, is likely to be more correct than when the object is 
in any other position, because, when a body bears due Eagt or Weti, 
its change of altitude is quickest, and any probable error, either in 
the latitude of the place of observation, or in the declination of the 
observed object, will cause rery little error in the time : and the best 
situation of an object that does not come to the prime vertical is when 
its motion coincides with an azimuth circle. This Table will shew the 
altitude of an object when in either of these positions. 

For example. The latitude of place being 51^ SCX N., and the 
declination of the Sun or a Star 21^ N. ; the best time to observe the 
altitude, for ascertaining the time, is when the altitude is about 27^; 
or if the latitude of a place be 14^ S., and the declination of an object 
24^ S., the most favorable altitude for finding the time is 37^. 

This table is only useful when the latitude of the place of obser- 
vation, and the declination of the object, are of the same name. 
When these are of different names, the best time to observe the alti- 
tude is when its height is from 5^ to 15^, according to circumstances. 

ffote, — ^The apparent time if the Son's horarj, or hour angle. The horary 
angles of the Moon, Planets, and Stars, may he called measures of sidereal time. 



TABLE X. 

Logarithms for finding the Correction of the Sun's Declination, 

ifC. ifC. 

This table is chiefly intended to find the proportional part of the 
daily variation of the Sun^s declination, or right ascension, for any 
given time at Greenwich ; the numbers at the top or bottom of the 
table may be esteemed as Hours, Degrees, or Mimdes, and those in 
the side colimms as Minutes, at Seconds, according as the numbers at 
the top are estimated. 
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PROBLEM I. 

To find the Proportional Part of the Daily Variation of the Sumfa DecU" 
nation or Right Ascension, for any given time a/ Greenwich. 

RULE. 

Add together the logarithms of the Greenwich time^ and the 
daily variation^ the sum will be the logarithm of the proportional' 
part required. 

EXAMPLE I. 

Suppose the variation of the Suu's declination in 24h. is \9 97" 
required the proportional part for 15h. 49m.? 

h. m. 
Greenwich time - ... 15 49 Log. 0*181 1 

yarUtiouin2ihoars . - . 19^ 37'' Log. 0*0876 

Proportional part required . - 12 56 Log. 0*2687 

EXAMPLE n. 

Let the change oi the Sun's right ascension be 8m. SSs. in 84 
hours^ what would be the proportional part for llh. 18m. ?t 

h. m. 8. 
Time at Greenwich - * 11 13 0*0 Log. 0*3303 

Variation of Q's R. A. in 24 hours 3 55-0 Log. 0*7873 

Proportional part required . 1 49*8 Log. 1*1176 

Where the difference for one hour is given, it is needless to employ 
logarithms to take a proportionate part. 

TABLE XI. 

Logarithms of the Latitttde and Polar Distance. 

This table contains the logarithmic secants of the latitude^ and 
the co-secants of the polar distance, 10 being rejected from the index. 
The degrees of latitude are always found at the top, and the minutes 
in the left-hand column, and also those of the polar distance, when 
it exceeds 90^. When the polar distance is less than 90°, the degrees 
are always found at the bottom, and the minutes in the right-hand 
column. 

Note. — In this, and in all the other Tables, where the quantities at the top and 
bottom are different, the numbers for the minutes, &c. in the left-hand colunm 
belong to the quantities at the top, and those in the right-hand column to the 
degrees, &c. at tne bottom. 

t See Art. 13, Introduction. 



72 

TABLE XII. 

LogunthfM cf the Haff Stdm, and Difference. 

This table contains the logarithmic co-sines of the half sums, 
and the log. sines of the differences^ the index of each being dimi- 
nished by 5-. The degrees of the hsdf stun are always found at the 
ta^, asbd those of the difference at the bottom. 

TABLE XIII. 

Logarithms ^ the Apparent Time or Horary A»gku 

The logarithms in this table are twice the logarithmic sines of 
half their respective horary angles^ less 10 in the index. When the 
time is inferred from the altitude of the Sun^ the apparent astrono- 
mical time is found in this Table^ the hours at the top being used when 
the Sun is observed West of the meridian, and those at the bottom 
when the observation has been made Eaei of the meridian. The 
logarithms are given for every tenth second of time^ as far as 9 hours 
from the meridmn^ and by the proportional parts in each page the odd 
secoxtds may be very reamly found by inspection. 

EXAMPLES. 

I. What is the apparent time answering to the Logarithm 9*46381, 
the Sun having been observed West of the Meridian. 

QireB Logarithm • - . . ... 9*46381 

Logarithm of • ... 4i). 21m. Oa. z; 9 46340 



This difference gives nearest • - 8 - 41 Diff. 

Apparent time required - - 4 21 8 

II. The Sun having been observed East of the Meridian, required 
the apparent time when the Logarithm is 9*82246 ? 

Given Logarithm •« 9*32246 

Logarithm of .... 20h. 21m. 408. =z 9*32272 



•^w^"«"^ 



Tbia difference givaa naarest • • 4-26 Pi£ 

Apparent time reqaired - • 20 21 44 

When the Sun is observed West of the meridian^ the given Loga* 
rithm will be greater than the Logarithm in the table, answering to 
the next less tenth second of time ; but when the observation is made 
East of the meridian, the contrary is the case. 
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The Horat^ Angle of a Star is to be taken out in the same manner^ 
in every respect^ as the apparent time when the Sun is observed^ that 
is, the horary distance of the Star, West of the meridian, is to be 
understood as the Horary Angle of the Star, therefore, when a Star 
is observed West of the meridian, its meridian distance will be less 
than 12 hours ; but if the observation is made when the Star is East 
of the meridian, the horary angle, or distance of the Star reckoned 
westward from the meridian, is greater than 12 hours, for it is the 
complement to 24 hours of the Star's horary distance East of the 
meridian. 

If very great accuracy be required in taking out the time, the 
proportional parts will show the tenths of a second in the time. 
Thus, in the first Example, the diflference between the given Loga- 
rithm, and the one in the table for the next less tenth second, is 41, 
but the parts for 8s. are only 39, therefore there is 2 of a remainder ; 
place a cypher to the right of this remainder, which will make it 20 ; 
then above this will be found 4s., which are to be esteemed 4 tenths of 
a second : hence the apparent time answering to the Logarithm 9*46381 
is 4h. 21m. 8'4s. 

NoTB. — In Table XIII. when the Index changes in any part of a line, the Index 
figures are placed opposite to the line like a vulgar fraction : For example, at page 
28, opposite to 27m will be found two Index Figures, placed thus f , the 8 being the 
Index as far as 2h. 27m. 20s. the 9 commences at 2h. 27m. 30s. the logarithm of 
the first of these times being 8,999 1 7> and that of the second 9,00012. 



TABLE XIV. 
Logarithms of the Moon's Horizontal Parallax. 

TABLE XV. 

Logarithms of the Apparent Altitvdes. 

These tables require no explanation with respect to the manner of 
using them ; but it may be observed, that the Logarithms in Table 
XIV. are the Proportional Logarithms of the Moon's Horizontal 
Parallax, each being lessened by 4600, and a Logarithm of any 
Apparent Altitude is the Log. Co-Secant of that arc, lessened by 
9,5400. This was done with the view of having the Logarithms of 
the Moon's horizontal parallax at each opening of the book, in Table 
XV., but it was found inconvenient in printing. 

TABLE XVI. 

Logarithms of the Apparent Distance. 

» 

The Logarithms in this Table are titled Log. S., and Log. T., the 

I 
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first being the log. sine and the other the k>g. tmigent of any given 
Apparent Distance^ 9 being rejected from die index. When the Ap- 
parent Distance is less than 90^^ the degrees of distance will be fooud 
at the top ; when the distance exceeds 90^, the degrees of distance aie 
fbnnd at the bottom. In this Table, as far as 5S^ of distance, the 
minutes in both the mai^nal columns are the same, and therefore 
either may be used ; above 53°, the minutes in the left-hand cohinui 
belong to the degrees at the top, and those in the right-hand column 
to the bottom^ degrees. For example, when the apparent distance is 
35° 26', the Log. S. is 07632, and the Log. T. 08522; or for w^ 
parent distance 112° 18'; the Log. S. is 0*9662, and the Log. T. 
1-3871. 



TABLE XVII. 

Logarithms of the First and Second Corrections^ 

The degrees and minutes of the first eorrection are always- to^ be 
taken from the top, and the seconds from the left-hand column ; alse 
when the apparent distance exceeds 90°, the second correction is to be 
taken out in the same manner ; but when the distance is less than 90^^ 
the degrees and minutes of the second correction must be taken from 
the bottom, and the seconds from the right-hand marginal column^ 

EXAMPLES. 

I. The first correction answering to the Logarithms 1*5765 is 
4° 12' 16". 

II. When the Logarithm of the first correction is 1*3462, the first 
correction wiU be 3° 38' 23'. 

III. When the apparent distance exceeds 90°, the second correc- 
tion, answering to the logarithm 2*1031, is 4° 45' 48". 

rV. The apparent distance being less than 90^, and logarithm of 
the sec<md correction 1*7320, the sectmd correction will be 5° 83' 22". 

Both the first and second corrections are ahoays to be added to the 
apparent distance. 

TABLE XVIII. 

Third Correction, 

This correction (like the first and second) is ahoays to be added to 
the apparent distance ; the distance nearest to the given apparent dis- 
tance is to be found in the Table ; then look for the altitude at the 
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top or bottom which is nearest the giren apparent altitude of the 
Sun or Star, and in a side column for the altitude which is nearest to 
the given apparent altitude of the Moon ; imder the former, and oppo- 
site to the latter, will be found the third correction. Thus, when the 
apparent distance is 52°, the Star's apparent altitude 38°, and that of 
the Moon 20°, the third correction is 1' 35" ; or when the apparent 
distwoe is 79° 36' 20", the apparent altitude of the Star 25° 30', and 
that of the Moon 41° 15', the third correction is 1' 48". 

When the given distance and altitudes differ considerably from 
4;hose in the Table, it will be proper to make a corresponding allow- 
ance on the third correction. 

Bdr example : Let the given apparent distance be 61° 24', the 
Star's altitude 36°, and the Moon's 22°; at apparent distance 60°, 
under 36°, and opposite 22° is 1' 29", but at apparent distance 64°, 
the given altitudes give 1' 33", therefore, the third correction, for the 
given apparent distance and altitudes, will be 1' 30". The differences 
in thesoorreotions given in the Table, being in general very small, the 
third correction may be almost always found at sight for any given 
distances and altitudes. 

The small Tables, which are titled Table P., contain the effect of 
the Sun's parallax for the respective distances under which they are 
placed, when the distance between the Sun and Moon is observed ; 
the effect of the Sun's parallax is to be taken froA'this Table, and 
applied to the third correction before it be added to the apparent 
distance. 

The secchids found above the line in the columns are to be added 
to the third correction, and those found below that mark are to be 
subtracted &om the third correction. For example, at apparent dis- 
tance 52°, when the Sun's altitude is 50° and the Moon's 10°, ttie 
'effiect of the Sun's parallax on the distance is 8*, and this being found 
above the line, it is to be added to the third correction, found in 
Table XVIII.; hence the third correction will be 4' 7" for the dis- 
tance between the Sun and Moon, or 3' greater than it would be if 
the distance were between the Moon and a Fixed Star. Again, at the 
same distance, if the Sun's altitude be 10° and that of the Moon 50^, 
the effect of the Sun's parallax on the distance is 8', to be subtracted 
from the third correction, because it is found below the line, therefore 
the third correction would be 3' 59", or 8" less than if the distance 
were between the Moon and a Star. 

The effect of the Sun's parallax on the distance can never exceed 
9". When the distance is less than 84°, the effect of the Sun's pa- 
rallax may be either additive or subtractive : but when the distance is 
greater than 84°, the effect of the Sun's parallax is always subtractive 
om the apparent distance, or, which is the same thing, the third cor- 
rection is sdways to be diminished, by the effect of the Sun^s i^allax, 
before that correction be added to the apparent distance. 
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TABLE XIX. 

Proportional Logarithms, 

The principal use of this Table is to find the mean time at 
Greenwich^ corresponding to a given true distance between the Moon 
and the Sun or a Star ; this is exemplified in Problem IV.^ page 14. 
The mode of taking out the proportional logarithm for any given arc 
or time, or of finding the time, &c., for any given logarithm is obvious. 
Thus the logarithm for 1° 16' 38", or Ih. 16m. 88s., is the same^ viz., 
0*3709, and the time answering to the logarithm 1*3416 is Oh. 8m. 128.; 
or the arc in degrees, &c., is 0° 8' 12''. 

The index of a proportional logarithm, above Oh. 18m. or 0° 18' , is 
always 0. 

TABLE XX. 

Correction of the Apparent Altitude of the Sun or a fixed Star. 

This Table is the same as Table VI. 

TABLE XXI. 

Correction of the Moon's Apparent Altitude, 

This Table contains the correction of the Moon's apparent altitude 
for every tenth minute of altitude, and for each minute of the Moon's 
horizontal parallax. Thus, the correction of the Moon's apparent alti- 
tude 14° 20', when the Moon's horizontal parallax is 56', is 50' 35". 
The proportional parts for the seconds of the Moon's horizontal pa- 
rallax, and for the minutes of the altitude 0', 10', 20^, &c., are found 
on the right of the page. These proportional parts are always addi- 
tive, as well as the correction itself. 

It must be observed, that when the Moon's apparent altitude is 
greater than 17°, the parts in the right hand opposite to 0' of altitude 
are to be applied, these are always 10". Thus, the correction for the 
Moon's apparent altitude 28° 40' and horizontal parallax 60^, is 50' 45" 
in the l^ble, this is to be called 50' 55", and so on. 

EXAMPLES. 

When the Moon's apparent altitude is 35° 46' and horizontal pa- 
rallax 58' 27', required the correction in altitude? 

Oppodte 35'' 40' and under 58' hor. par. is - . 45' 38" 

OppoMte 20** and under 7" of hor. par. is - - -f 22 

Opposite 6' of altitude is . 4. 7 

Correction for Moon's Altitude 35'' 46', and hor. par. 58' 27" 46 7 
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Sometimes the Moon's horizontal parallax is a few seconds less 
than 54'^ in that case the correction may be found as follows. {See 
Art. 6, Problem VI.) 

Find the correction for the given altitude and 54' of horizontal 
parallax^ and then from this correction subtract the parts for the 
number of seconds which the given horizontal parallax wants of 64!, 
the remainder will be the correction required. 

The Moon's apparent altitude being 48^ 24/ and horizontal parallax 
53' 65", required the correction in altitude. 

Opposite to 48® 20' and under 54' of hor. par. ia - - 34' 53 ' 
Opposite to 4' of altitude is - 7 

Correction for the given Altitude and 54' hor. par. • - 35 
53' 55" is 5" less than 54 and 5" gives - - - — 3 

Correction required ... - 34 57 



TABLE XXII. 

Logarithms of the Moon's Apparent Altitude. 

The logarithm of the Moon's apparent altitude is found in the page 
opposite to the Moon's correction in altitude, and is to be taken out 
in the same manner, observing to add the parts for the apparent alti- 
tude of the Sun or Star, given at the bottom of each page. 

EXAMPLES. 

L What is the logarithm for the Moon's apparent altitude 19° 24', 
when the horizontal parallax is 55° 38', and the Sun's apparent alti- 
tude 36°? 

Opposite to 19^ 20' and under 55' of hor. par. is •. • • 4-298818 

- - to 30" and under 8" of hor. par. is - - - - +22 

- - to 4 of Moon's app. alt. is - - - +12 

- - to mark and under 36"" is +19 

Logarithm required - - 4*298871 

II. Suppose the Moon's apparent altitude is 52° 80' and horizontal 
parallax 58' 0^, and the altitude of a Star from which the Moon's dis- 
tance is observed 38° 2(y, required the logarithm of the Moon's appa- 
rent altitude ? 

Opposite to 52® 30' and under 58' of hor. par. is - - 4-295197 

- to 0" and under 0" of hor. par. is -• - - + 150 
. to O' of Moon's Altitude is - - - - - +20 

- to the mark * and under 38** is - . - - +30 



Logarithm required • - 4-295397 
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I£ the. Jlif (KHi^s horizL' parallax be less thim 54!, take out the loga- 
rithm ibr 64', and the number of seconds in the given horizontal 
parallax^ and then add the diiference between the logarithms of the 
given altitude, under 54' and 55' of horizontal parallax, the sum vrill 
he the logarithm required. 

Thus, suppose tlie Moon's apparent altitude was 34° 26' and hori- 
zontal parallax, 53' 53", and the Sun- s altitude 48"" 30', the logarithm 
will be found as follows : "" 

Opposite to 34° 20' and under 54' of hor. par. is .... 4*297172 

- to 50" and under 3" of hor. par. is - - - - - 

- to 6' of Moon's Altitude is ...... 

. to the mark and under 50^ is ..... 

The difference of the Logs, opposite to 34° 20' and under 54' and 55' is 

Logarithm required ... 4*297357 



TABLE XXIII. 

Logarithms of the Sum and Difference. 

The sum means iihe sum of the apparent distance and the difference 
of the apparent altitudes of the objects, and the difference is what 
^emams of the apparent distance ifhen the difference of the apparent 
altitudes is subtracted therefrom. The degrees of the «um or difRsr- 
ence are found at the top, and the minutes in a /side oolomn, under 
the former and opposite to the latter is the logarithm. Thus, if the 
difference be 48° 24' and the sum 86° 38', the logarithm of the differ- 
ence will be 0-612702, and that of the sum 0836343. 

TABLE XXIV. 
Logarithms of Numbers, 

This is a Table of common logarithms. In correcting a lunar dis- 
tance by the method for which this Table is introduced, it is only 
required to find a natural number corresponding to a given logarithm^ 
wluch may be done as follows : 

When the Index of the given logarithm does not exceed 3, the re- 
quireni natunQ number is found at once, the number of integer figures 
being Hlways one more than the Index of the logarithm. Thus, the 
number for the logarithm 2*439333 is 276, or the number for tke 
logarithm 3755036 is 5689. 

Whan the Index exceeds 3, find the logarithm in the TaMe which 
is next lees to the given one, this will be the logarithm of the first 
four figures of the required number. Find the difference between 
this next iess logarithm and the given logarithm^ call this the second 



\ 
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difference, place as mBUkj cipliarsi ta the riglit of the second diffareiice 
as the Index of the given logariljim exceeds 8^ and then diyide this hy 
the first difference taken from the right-hand cohunn^ the: quotieist 
being placed to the right of the first four figures will give the re- 
quired number. For example^ suppose the number for the logarithm 
5 '758366 is wanted. 

The giTen Logarithm is - - - 5'758365 

The next less is the Logarithm of 5732 - 758306 

Which gives the Second Difference - 59 

Now, two Cyphers being placed to the 
right of this, it is to be divided by 76, 
the first, difference, thus : 

76)5900(77-6 
532 



580 
532 



480 

Here the quotient is to be called 78^ which being placed to the right 
of 5732 makes the number required = 573278 

The above is the usual method of finding the figures exceeding 4 
in a natural number &om a given logarithm^ but the proportional 
parts at the bottom of each page will give them more readily, by at- 
tending to the following directions. Find the first four figures with 
the first and second differences as before, then look for the first dif- 
ference in either of the side columns at the bottom, and if the second 
difference is found at the top of the proportional parts, the required 
figures will be found under it in a line with the first cUfference ; but 
if the second difference is not exactly found at the top, take out the 
figures which stand opposite to the first difference, and imder the 
parts that make up the second difference at twice or thrice, if neces- 
sary, these figures being added together, will give the figures required 
in the natural number* The foregoing example would stand as 
follows : 

Opposite to 76 and under 50 is - - - 66 
- - - to 76 and under 9 is - - - 12 

2 Righ^hiuid figures as before - - =: 78 

The proportional parts at the bottom of the first 2 pages of the 
table, are intended to give the natural number to 7 places of figures, 
and the others to 6 places, this being all that is necessary in the me- 
thod of correcting the lunar distances for which this table is intended. 
If the index of the given logarithm is only 4, then but 5 plaoes or 
integers are required in the natural number. Therefore, what re- 
mains to the right of 5 figures will be a decimal part (the propor- 
tional parts being taken out as before). For example, let the given 
logarithm be 4*698838, to find the corresponding natural number. 
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The next less log. is 698275, which is the log. of 4992 (the first 
four figures), the first difference in the right-hand column is 87, and 
the differences between the 2 logs, is 63, which is the second dif- 
ference. Now, 

Opposite to 87 and ander 60 is - - - 69 

- - - to 87 and under 3 is • - • 03 

72 

Hence, the natural number required will be 49927'2. 

Suppose the logarithm 6*109432 is given to find the natural 
number. The next less logarithm is 109241, which gives the first 
four figures 1286, the first difference 338, and the second difference 
191. Now, 

Opposite to 338 and under 100 is - - 296 

... to 338 and under 90 is . . 266 

- - . to 338 and under 1 is - - 003 

Which gives the 3 right'hand figures - - 565 
Therefore the natural number will be - 1286565 

If the given logarithm be found exactly in the Table, the right-hand 
figures of the natural nimiber will be cyphers. Thus, the natural 
number for the logarithm 5949732 is 890700. 



TABLE XXV. 

Natural Versed Sines. 

By this Table the natural versed sine of an arc, consisting of de- 
grees, minutes, and seconds, or, the degrees, minutes, and seconds 
answering to a given natural versed sine will be found. 

I. To find the natural versed sine for an arc, consisting of de- 
grees, minutes, and seconds. Find the degrees at the top, and the 
minutes in a side colimin, under the former, and opposite the latter, 
will be found the natursd versed sine for the degrees and minutes, 
find the seconds in a side column, then opposite to them in the column 
of parts, to the right of the given degrees, are the parts for seconds, 
which being added to the natural versed sine for degrees and minutes, 
will give the natural versed sine required. 

EXAMPLE. 
What is the natural versed sine for the arc 38*^ 53' 17''. 

Under SS'' and opposite 53' is - - 221574 
Opposite 11" is found in column of parts - 51 

N. V. S.of38^63'17" - - - 221625 
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II. To find the arc consisting of degrees^ minutes^ and seconds^ 
answering to a given natural versed sine. Find the natural versed 
sine whidh is next less to the given one^ above this will be found the 
degrees and opposite to it the minutes of the required arc ; take the 
difference between the given natural versed sine and the next less one^ 
look for this difference in the column of parts^ to the right of the 
colimin where the natural versed sine of the degrees and minutes was 
founds opposite to these parts will be found seconds in the required arc. 

EXAMPLE. 

What is the arc in degrees^ minutes^ and seconds for the natural 
versed sine 743862 ? 

The given N. V. S 743862 

The next less is the N. V. S. of - 75** 9^ 0" - - 743711 
And 150 in the column of parts gives + 32 



Arc required - - - - 75** 9' 32" 



Parts 151 



It is seldom necessary to place more than two or three of the right- 
hand figures of the next less natural versed sine under the corres- 
ponding figures of the given natural versed sine for the purpose of 
finding the difference^ and the degrees^ &c.^ may be set down opposite 
to the given natural versed sine. Thus^ having the natural versed 
sine 1304462 to find the corresponding arc. 

Arc required 107** 43' 33". Given N. V. S. - - - 1304462 
3 right-hand figures of next less N. V. S. - - - 310 



Parts 152=33 



// 



TABLE XXVI. 



Time to he added to the Bight Ascension of a Star, to find the Time of 
its passing the Meridian on any Day of the Year. 

This table contains the complement^ to the 24 hours^ of the Sun's 
mean right ascension^ for every day of the year, which, being added 
to the right ascension of any Star, the sum, rejecting 24 hours if it 
exceed that quantity, will show the apparent time when that Star passes 
the meridian sufficiently exact for the purpose of observing the meri- 
dian altitude, to find the latitude of the ship; or for finding any 
particular Star, by observing its altitude when on the meridian. 

EXAMPLES. 
1. At what time does Regidus pass the meridian on the 5th March? 

h. m. 
Right ascension of R'nltUt N. A. p. 432 - - - 10 
Time for the 5th of March + 57 



Time when Regulus passes the meridian, 5th March - - 10 57 

m 
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2. Required the ^e on the 10th Avguaty ivhen m Lgn or V^ia, 
on the meridian ? 

Tune for tlw 16th of AngW + 14 18 



(Saiii--24 hoars.) Time of y«g«'b patting Uiemerid.l<lkAiig. - 8 49 

TABLE XXVII. 

CorrecHon to be mbtraetedfrom the Observed Altitude of a Figctd. Star. 

This table contains the refraction in altitude combined with the 
dip of the horizon ; each correction is given to the nearest tenth of a 
minute^ and is always to be subtracted from the observed altitude of 
a Star^ in order to find the true altitude. 

For example : let the observed altitude of a Star be 39^ 41'^ when 
the height of the observer's eye is 18 feet above the sea : required the 
true altitude of the Star ? 

Star's observed altitude . - - - SIT" 41'-0 
Under 18 feet and opposite 40^, is - - — ^ -3 

Star's true altitude - - - - 39 35*7 

Note. — Seconds are reduced to tenths of a minntOy by dividiiig them by 6% and 
tenths of a oyinute are turned into seconds, when multiplied by 6. 
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TABLE I. 
To turn DsoaEES into TiIie, w. Time into Degrees. 
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11639 
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1331 8 

11341 


14004 
14016 

14051 


14738 
14750 

14775 
14788 


16511 
15631 
15517 
155G0 


16299 
10113 
16136 
16319 


1 7115 
17138 
17143 
17156 


17950 
17974 
17968 

18003 


35 
31 


40 
41 
43 

!5 


0.12004 
1201S 
12023 
12036 
12047 


I366C 
12878 
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14130 
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15040 
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14197 
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14231 
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12180 
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84151 


84923 


856691 863891 87085 


J 87756^ 88404 


58 


3 


81651 


82509 


833Sfi 


8413« 


84911 


85657 


86377 


8707» 87745 


883941 6T 1 


4 


81636 


82495 


83324 


84125] 848981 85645| 86366| 87062| 87734 


88383 


56 


5 


4.81622 


82481 


83311 


84112 


84885 


85632 


86354 


8705d 87723 


88372 


55 


6 


81607 


82467 


83297 


84099 


84873 


85620 


86342 870391 87712| 88362 


54 


7 


81592 


82453 


83283 


84085 


84860 


85608 


86330 870281 87701 


88351 


53 


8 


81578 


82439 


83270 


84072 


84847 


85596 


86318 


870161 876901 88340 


52 


9 


81563 


82424 


83256 


84059 


84835 


85583 


86306 


87005 


87679 
87668 


88330 


51 


10 


4.81549 


8»I10 


83242 


84046 


84822 


85571 


86295 


86993 


88319 


60 


11 


81534 


82396 


83229 


84033 


84809 


85559 


86283 


86082 


87657 


88308 


49 


12 


81519 


82382 


83215 


84020 


84796 


85547 


86271 


86970 


87646 


88298 


48 


13 


81505 


82368 


83202 


84006 


84784 


85534 


86259 


86959 


87635 


88287 


47 


14 


81490 


82354 


83188 


83993 


84771 


85522 


86247 


86947 
86936 


87624 


88276 


46 


15 


4.81475 


82340 


83174 


83980 


84758 


85510 


86235 


87613 


88266 


45 


16 


81461 


82326 


83161 


839G7 


84745 


85497 


86223 


86924 


87601 


88255 


44 


17 


81446 


82311 


83147 


83954 


84733 


85485 


86211 


86913 


87590 


88244 


43 


18 


81431 


82297 


83133 


83940 


84720 


85473 


86200 


86902 


87579 


88234 


42 


19 


81417 
4.81402 


82283 


83120 


83927 


84707 


85460 


86188 


86890 87568 


88223 


41 


20 


82269 


83106 


83914 


84694 


85448 


86176 


86879 


87557 


88212 


40 


21 


81387 


82255 


83092 


83901 


84682 


85436 


86164 


86867 


87546 


88201 


39 


22 


81372 


82240 


83078 


83887 


84669 


85423 


86152 


86855 


87535 


88191 


38 


23 


81358 


82226 


83065 


83874 


84656 


85411 


86140 


86844 


87524 


88180 


37 


24 


81343 


82212 


83051 


83861 
83848 


84613 


85399 


86128 
86116 


86832 
86821 


87513 


88169 


36 


25 


4.81328 


82198 


83037 


84630 


85386 


87501 


88158 


35 


26 


81314 


82184 


83023 


83834 


84618 


85374 


86104 


86809 


87490 


88148 


34 


27 


81299 


82169 


83010 


83821 


84605 


85361 


86092 


86798 


87479 


88137 


33 


28 


81284 


82155 


82996 


83808 


84592 


85349 


86080 


86786 


87468 


88126 


32 


29 


81269 


82141 


82982 


83795 


84579 


85337 


86068 


86775 


87457 


88115 


31 


30 


4.81254 


82126 


82968 


83781 


84566 


85324 


86056 


86763 


87446 


88105 


30 


31 


81240 


82112 


82955 


83768 


84553 


85312 


86044 


86752 


87434 


88094 


29 


32 


81225 


82098 


82941 


83755 


84540 


85299 


86032 


86740 


87423 


88083 


28 


33 


81210 


82084 


82927 


83741 


84528 


85287 


86020 


86728 


87412 


88072 


27 


34 


81195 


82069 


82913 


83728 


84515 


85274 
85262 


86008 


86717 


87401 


88061 


26 


35 


4.81180 


82055 


82899 


83715 


84502 


85996 


86705 


87390 


88051 


25 


36 


81166 


82041 


828a^ 


83701 


84489 


85250 


85984 


86694 


87378 


88040 


24 


37 


81151 


82026 


82872 


83688 


84476 


85237 


85972 


86682 


87367 


88029 


23 


38 


81136 


82012 


82858 


83674 


84463 


85225 


85960 


86670 


*87356 


88018 


22 


39 


81121 


81998 


82844 


83661 


84450 


85212 


85948 


86659 


87345 


88007 


21 


40 


4.81106 


81983 


82830 


83648 


84437 


85200 


85936 


86647 


87334 


87996 


20 


41 


81091 


81969 


82816 


83634 


84424 


85187 


85924 


86635 


87322 


87985 


19 


42 


81076 


81955 


82802 


83621 


84411 


85175 


85912 


86624 


87311 


87975 


18 


43 


81061 


81940 


82788 


83608 


84398 


85162 


85900 


86612 


87300 


87964 


17 


44 


81047 


81926 


82775 


83594 


84385 


85150 


85888 


86600 


87288 


87953 


16 


45 


4.81032 


81911 


82761 


83581 


84373 


85137 


85876 


86589 


87277 


87942 


15 


46 


81017 


81897 


82747 


83567 


84360 


85125 


85864 


86577 


87266 


87931 


14 


47 


81002 


81882 


82733 


83554 


84347 


85112 


85851 


86565 


87255 


87920 


13 


48 


80987 


81868 


82719 


83540 


84334 


85100 


85839 


86554 


87243 


87909 


12 


40 


80972 


81854 


82705 


83527 
83513 


84321 


85087 


85827 


86542 


87232 


87898 


11 


50 


4.80967 


81839 


82691 


84308 


85074 


85815 


86530 


87221 


87887 


10 


51 


80942 


81825 


82677 


83500 


84295 


85062 


85803 


86518 


87209 


87877 


9 


52 


80927 


81810 


82663 


83486 


84282 


85049 


85791 


86507 


87198 


87866 


8 


53 


80912 


81796 


82649 


83473 


84269 


85037 


85779 


86495 


87187 


87855 


7 


54 


80897 


81781 


82635 


83459 


84255 


85024 


85766 


86483 


87175 


87844 


6 


55 


4.80882 


81767 


82621 


83446 


84242 


85012 


85754 


86472 


87164 


87833 


5 


56 


80867 


81752 


82607 


83432 


84229 


84999 


85742 


86460 


8715;i 


87822 


4 


57 


80852 


81738 


82593 


83419 


84216 


84986 


85730 


86448, 


87141 


87811 


3 


58 


80837 


81723 


82579 


83405 


84203 


84974 


85718 


86436 


87130 


87800 


2 


59 


80822 


81709 


82565 


83392 


84100 


84961 


85706 


86425 


87119 


87789 


1 


60 


80807 


81694 


82551 


83378 


84177 


84949 


85693 


86413 


87107 


87778 







40® 


41® 


499 


43© 


440 


450 


460 


470 


48° 


490 


M. 


DiFrsKsacs. ttinw. | 
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Table xn. 

LooaKiTHM8ofth«HAi.r Sum And DtrFKKKncx. 






M. 


S9 


18 


ST 


o 
S6 


IS 


o 
34 


5- 

11 


33 


— 5- 


10 










896&1 


90235 


WtM 


91U6 


01857 


9SU( 


Bl»42 


•11*7 


03751 


60 






89016 


W6«S 


909i3 


•0787 


BISK 


91649 




•98)4 


•1209 


93J46 


59 






a 


69010 


896S1 






91319 


01810 


•9S43 


B»96 


nsoi 


91718 


58 






s 


890M 


aoesi 


MUM 


M7«8 


91S16 


«ieM 


0S)t4 


•1618 


»S9ai 


93731 










8900B 


89611 


M197 


W7»S 


9136! 


91811 


B2SM 


99811 


ntto 


DST21 


56 








60694 


M167 


V0T5I 


91292 


91815 


91SIS 


92(103 


99269 


93717 


45" 




G 


(«D8e 


8Mt4 


M1T8 


■0741 


91983 


918W 


•9)10 


•STBS 


•1961 


0370B 


64 








88918 


80G«4 


M1«E 


90111 


Msri 


•I19H 


99S09 


99I8I 


•19(1 


98702 


SS 










MST4 


MIM 


«07tl 


9IM6 


•I79S 




OSTID 


•M4e 


S3605 


S3 






9 


S89i8 


99564 


OOllS 


•OTIS 


DlSSi 


•1781 


•UBS 


9»ni 


nm 


93667 


SI 




10 




80554 


~901U 


90764 


9I24J 


OlTRt 


»nT7 


»Kn 


•uu 


93680 


BO 




■ 1 


'889S7 


89G14 


OOIW 


90694 


913)9 


91761 




nrtb 


••S9S 


9)673 


49 






la 


88927 


80534 


90120 


90685 


9I2S* 


•ITW 


•mo 


«9HT 


9«I5 


gsees 


48 






IS 


68917 


89524 


00111 


90070 


91291 


0IT46 


mat 


mn 


•19IT 


•3658 


4T 






u 


68900 


89514 


90101 


90667 


91212 


01718 


vna 


B9T)I 


•nOo 


03650 


46 




u 


l.eSSiM 


89604 


00091 


00657 


01201 


91720 


99SS5 


•srn 


•IIS8 


MUS 


4S 




I« 


68886 


80495 


0006S 


90648 


91194 


01T96 


999W 


mrit 


•1164 


9)6)6 


44 






IT 


86875 


89485 


90679 


96639 


91185 


91719 


•UIS 


99T0T 


WITT 


0)628 


4) 






18 


88865 




DOOOS 


006SO 


911J6 


91 70S 


W9II 


996M 


•S)6S 


09691 


49 






19 


8885S 


89465 


90053 


90620 


01167 


91695 




99691 


•9161 


9)614 


41 




90 


4 .88844 


89455 


00043 


90611 


"oiiw- 


01S86 


02104 


9)68) 


93154 


•UHM 


40 




21 


68831 


89445 


00014 


90602 


on 4ft 


91677 


V9186 


99673 


•3l4e 


9)599 


19 






as 


66821 


89435 


90021 


90592 


91111 


01669 


991 TT 


99067 


•SlSt 


ssset 


as 






as 


68811 


6942S 


00014 


905MI 


0113:^ 


91660 


99169 


92609 


«SI3I 


•3384 


)T 






94 


68803 


89415 


OOOOi 


90571 


otiis 
oiiii 


01651 


•9161 


OMItl 


•sua 


SUIT 


96 




U 


|4. 86791 


894D5 


69995 


905<» 


9184S 


99152 


D9643 


•3115 


•sses 


15 






SO 


887»I 


89395 


89985 


90555 


91103 


U1631 


99144 


996SS 


flsioe 


9)569 


>l ' 




XT 


88772 


S9S8S 


69976 


90S 16 


9I00C 


9162S 


92116 


V9697 


9SI00 


93S51 






S8 


88701 


80S7S 


60966 


90S37 


9ia-: 


01017 


92127 


09619 


93092 


93547 


39 1 




90 


68751 


89164 


89936 


90527 


9I«;8, 91008 


92119 


B9611 


0S084 


03539 


31 

so' 


SO 


1.68741 


~8«r4 


8994T 


ooaie 


yioiw 






93663 


03077 






tl 


86TI0 


89144 


8993J 


90500 


91661) 


9 1 591 


92I0S 


99195 


93060 


9352J 


20 1 




» 


B8TS0 


69314 


89921 


00199 




91583 


0»g4 


99587 


91661 


93511 






SI 


88709 


89124 


89918 


DOtOU 


01012 


91571 


02066 


98579 


91651 


93510 






u 

IS 


68690 


89114 


60908 


90180 


01013 


91565 


920IT 


99S7I 


91046 


93502 


26 






S9S04 


898M 


90471 


91023 


91556 


99069 


92303 


OS0S8 


91195 


2S 




se 


'8867S 


89294 


89888 


90162 


91011 


0154T 


92060 


9»^55 


93030 


934h7 


21 








8866S 


89281 


89870 


004SS 


91005 


91518 


92059 


99346 


•9022 


91480 


91 








88057 


89271 


89869 


90441 


90000 


91S10 


990M 


•9338 


9)014 


91172 








S9 


68017 
1.88616 


89261 


69859 


9W14 


9098? 


91521 


09035 


99530 


91007 


91165 


21 




40 


89254 


89849 


90424 


90071, 


01512 


02097 


99529 


029D9 


93157 






41 


88626 


89244 


89640 


90115 


00960 


01S04 


02018 


92514 


92001 


93450 








4S 


8S61S 




69610 


00405 


9096U 


91495 




02506 




9S442 


Ih 






4S 


86605 


89221 


89B90 


O0SO6 


900SI 


91486 


92002 




0297G 


934)i 


17 








88594 


692II 


89811^ 


90S86 


90912 


91477 


91993 


92490 


92968 


Oils: 

"Uil20 


16 




45 




8920: 


89H01 




"6oH33 


91469 


919W 


994!-2 


92960 




46 


"88571 




69791 


903flb 


901121 


91160 


91976 


92473 


BK&i 


93112 


U 








885 C3 




80781 


90158 


00915 


01451 


91966 


02165 


92944 


03105 


IS 








88552 


69173 


89771 


90349 


9D906 






924ST 


02916 


03397 


12 






49 
SO 


86542 
4.88531 


89102 


89761 


90S39 


90806 


91431 


D1051 


92440 


99929 


9311)0 






89159 


89752 


0OS3O 


90687 




91012 


99411 


92921 


03382 


^0 






88521 


89119 


80742 


90120 


90876 




919)1 


99433 


02013 


9)375 









S3 


88510 


89112 


897SI 


90311 


90860 


91407 


91925 


99425 


09005 


9)167 








SS 


8a49( 


89122 


89722 


00301 


90860 


91S98 


01017 


99116 


99HB7 


93360 


7 






54 




89112 
89101 


99712 


00202 


90B51 


9I3HU 


01008 


9210H 


92889 


93352 


6 






1.88178 


89T0: 


9028i 


90842 


91381 


OlOOt 


02100 




03341 








881 GS 


80091 




0027S 


90832 


91171 




923K 












57 




80.]81 




90263 


90^23 








02866 




1 






58 


88417 


89071 


89673 










9217. 


028S^ 


9»yj3 


9 






53 


88136 


89060 


89603 




0080a 




91866 


92367 


02850 










60 


B81S.S 


8905U 


B965S 


0023.1 


9079f 


91136 


0186J 


VtS59 


0S842 
660 


01307 

59= 



M. 




6lO 


~525- 


63" 


54° 


55" 


~Iifi 


Birnuwo. ■■■■■. 





















TABLE XU. 


.. 1 






LooAAiTUMS of the Half Sdm and Diri£KtMce. 








COMMEt. 




■ur •DH. 
















o 








-o— 




M. 


29 


28 


27 


26 


25 


24 


83 


83 


81 


20 








X.'UtSi 


04693 


949SM 


96360 


05788, 


•6073 


96401 


06717 


97015 


07399 


~G0~ 






B4t7S 


B4587 


94982 


06360 


05732 


0G967 


96397 


06711 


97010 


07394 


69 








MieB 


04580 


01975 




06716 


96008 


06103 


•6706 


07006 


07289 


58 








WI6I 


94571 


04969 


05148 


06710 


96es«| 


06187 


90701 


07001 


07285 


67 








MISJ 


91567 


94902 


05341 


95704 


96050 


•6181 


90606 


06096 


97380 


66 






4-91147 


oiseo 


94056 


05133 




08045 


96376 


96691 


06091 


07Z76 








04140 


01163 


94940 


05339 


96699 


9603S 


96170 


96686 


96986 


07271 










OtlSS 


04540 


94943 


05323 


96686 


96U31 


96165 


06681 


96981 


97866 


63 








0419C 


04540 


94930 


95117 


96680 


960« 


96100 


066761 


9697G 


072031 


52 








01119 


04633 


94030 


95110 


96674 


96999 


96354 


96670 


06071 


07257 


61 






I.DIIII 


B45aC 




95301 


05668 


96017 


06349 


•0666 


06066 


07252 


50 






04106 


045 ID 


94917 


96896 


96661 


96011 


06341 


90660 


9696B 


97248 










04098 


045L1 


01911 


05308 


05657 


96006 


06338 


96666 


90957 


97241 










94000 


g4i<ie 


94001 




05651 


96900 


0613S 


96666 


•0068 


07838 


47 








MOSS 


94499 


91898 


05379 


05645 


96994 


06187 


96646 


96047 


07231 


46 






i.WOTfl 


04493 


01801 


95373 


95619 


^988 


06129 


06610 


96943 


97221 


46 






(U«0 


04486 


94884 


06307 


9663S 


05988 


06316 


96634 


96037 


97231 








H 


04068 


04470 


94878 


05261 


96687 


05977 


06311 


96629 


06033 


97220 


43 






18 




0417S 


94871 


95254 


96681 


05971 


96306 


96634 


90087 


07215 


49 






19 


04048 


041flfi 




05248 


96615 


95965 


06300 


•6619 


06033 


07210 






SO 


4.94041 


94458 


94858 


06242 


96609 


05960 


96894 


"90615 


06017 


97296 


40 




SI 


04034 


01451 


91852 


95236 


95603 


95954 


06380 


96608 


96013 


97201 


19 






38 


OlOOT 


01445 


94816 


95289 


96597 


95048 


06284 


96603 


96907 


9719G 


38 






SJ 


04020 


94138 


91839 


95223 


95591 


96942 


06878 


96696 


96901 


97109 


■7 






u 


01012 


94431 


91832 


05217 


95585 


96937 


06273 


90693 


06808 


97167 


36 




2S 


4.01001:^ 


94421 


94826 


95211 




96911 


06267 


96688 


06693 


97181 


35 




SiG 


03998 


94117 


94819 


962ftl 




96 926 


06268 


96582 


06888 


97178 


14 






87 


03!»1 


04410 




96108 


95567 


96920 


06356 




06883 


97173 


11 






28 


03964 


94104 


91806 


9S192 


05561 


96014 


06251 


96572 


06878 


07168 


31 








9397J 


04397 
91390 


91790 
04793 


96IB5 
OiUO 


05555 
95549 


059U2 


0C245 
06240 


965G2 


96873 
06868 


97163 
97159 


31 




10 


4.03970 




SI 


SSMS 


04383 


91786 


95173 


96511 


95897 


96314 


96556 


90863 


97154 


29 






ta 


isaii 


04376 


04780 


9S107 


95537 


95891 


96239 


96351 


90858 


97 lis 


88 






■s 


9391S 


94109 


94773 


95IG0 


96531 


95886 


96223 


06646 


00851 


97115 


ST 






14 


03011 


9U02 


94707 


35154 


9SS3S 


95879 


96218 


90541 


90848 


97140 


86 




U 




9415S 


04760 


05148 


06519 


96871 


06312 
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8009 


aiot 


8330 


8171 


8030 


1874 










OObI 


D4oS 




88li< 




8493 


8321 


8160 




78tt 








ODIG 


9077 


04SU 


9239 




S81U 
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84yo 


8324 


8106 


8015 


7870 










OOlg 


067 S 


0448 


0335 


0034 


8842 




818: 


B32L 


8163 


8012 


7867 










090H 


96GU 


9144 


0332 


9030 


SB39 








8101 


8010 


7865 










9004 


9065 


9141 


91-2» 


M27 


8s;io 


8015 


8181 


83 HI 




80u; 


7803 








B.'jaou 


9(i[il 


9137 


mii 


9024 


^33 


miii 


8479 


8114 


"8150 


twos 


7960 








981)5 


9fii» 


9133 


oani 


9021 


883(1 


8040 


847(1 


8311 


8153 


8002 


785B 










98111 


9051 


9130 


0S18 


9017 


8B-2J 


8610 


847B 


8308 


BI51 


80011 


7856 










9SH! 


OttiU 


OVM 


02Ii 


9014 


8824 


8613 


B17U 


8305 


8118 


7991 


7855 










usai 


964B 


9423 


0211 


9011 


8S2I 


8610 


810. 


8303 


8145 






11 








O.U&IB 


9012 


91 lU 


02118 


9008 


SSlb 






8300 




"tooS 


7848 










0S7S 


-orae 


9115 


0201 


9004 




8634 




8S0i 


8IIU 


7900 


7840 










0871 


00311 


9112 


O201 


9001 


881 i 


8631 


B4SU 


8295 


81 38 


79B8 


7844 










9S67 


onsi 


9108 


OlOB 


8908 


8808 


8628 


8150 


8302 


8135 


7985 


7841 


18 






-S- 


OSes 


9fi2I 


9104 


0101 


8995 


8805 


8G25 


8153 


8280 


8133 


7983 


7839 


IB 




O.OBiy 


Wit 


9101 




8991 


8801 


SC22 


8151 


8287 




7980 


783T 


20 






OBJJ 


9619 


9397 


01 S7 


8988 


8799 


8019 


8148 




8138 


7978 


7834 










9S5I 


961U 


9391 


9181 




8796 


seio 


8115 


8281 


8125 


7975 


7832 


23 








0847 


901^ 


gs'ju 




808^ 


8703 


8013 


BllK 




8123 


T973 


783» 


S3 








081 J 


961lh 


9387 


0177 


8971 




8010 


8439 


827U 


8120 


7971 


TB27 
T82S 


11 




~^K~~ 


D.ObJU 


"9604 


9383 


0174 


8975 


"878! 


8008 


8431 


8273 


81 IJ 


15 




26 


0835 


9600 




3170 


8072 


8T«1 


8005 


8431 


8371 


8115 




7823 


as 






2T 


0831 


OS 07 




0167 


89GU 


8781 


8602 


8431 


8268 


81 IM 




T82U 


37 






3H 


9827 


9503 


9372 


9101 


8900 


8778 


8599 


81 2» 


8165 


BIIO 


7901 


7818 


28 






an 


0823 


958'J 


0S6U 


0100 


8902 
895 tf 


8775 


8596 


8126 


83(U 


8107 


7958 


7810 


29 






II.'JSIU 


9SBH 


"mos 




8732 


8593 






lqu5 


7956 


7813 


30 




SI 


0815 


9S81 


9361 




8950 






B4au 


815S 


8102 


7954 


7811 


II 






ia 


081! 




9358 


0150 


8953 


8706 


858: 




8155 


8100 


7951 




S2 






n 


0,-07 


9574 


0354 




8950 


8T6V 




8414 


8252 


809J 


7949 




M 






n 


98U3 


9S70 


9351 


9141 


8940 


87 SO 


8581 


8111 


8150 


889.'. 


T94G 


TBO] 


11 




3S 


O.OTOO 


93 GG 


9347 


9140 


8941 


87S0 


8378 


BIOS 


8147 


SWB 


T944 




St 




SB 


0T95 


9363 


9344 


9137 


B940 


8763 


KS7C 


»4De 


8144 




7941 


!7yu 


s« 






JT 


0791 


OSSif 


9340 


9133 


8937 


H7u0 


857S 


BIOS 


8143 




793S 


7707 


ST 






S8 


0787 


0555 


9337 


9130 


8931 


B717 


8S70 


8101 


8239 




7937 


7795 


38 






SD 
40~' 


07N3 

O.ffTTy 


0551 

0S48 


9333 


siao 


8930 


S744 


8.567 


8398 


8130 


8082 


7934 


^92 


19 




9331 




8927 




8561 


83(15 


82S4 


8B79 


7B33 




11 


0775 


OS 44 


9326 


9120 


8921 




8561 


»t<a 


8131 


6077 




778t 








ia 


0771 


t)540 


0322 


9116 


8921 


8T35 


8558 


81 90 


8139 


8074 


7927 


77MG 


43 






4S 






9310 


9113 


8918 


8738 


B555 


8381 


8226 


sera 


7924 


7783 










0763 




9315 


9110 


8915; S7aw 


8S53 


BI8t 


832* 




7923 


7781 


44 






oToTsit 


Ibm 


9312 


OlOfl 


8911 


8726 


8S50 




8321 


8007 


792U 




45 




ji) 


07;.j 


9525 


MOB 


9103 


8B0H 


8723 


8S17 


8379 


82 IF^ 


8061 


7917 


7770 


46 






47 


OTSI 


9522 


0305 


9100 


89U5 


8720 


8514 




8315 


8002 


7915 


7774 


47 






48 


0747 


95 1» 


9301 


9096 
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SIIT 






8Jlt 


8059 


7913 


7772 
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m 


OT43 


95H 


9298 


9093 




8714 


8638 
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8037 


7916 

790B 


7709 
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49 




50 


0.O73S 


SSlii 
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"90M 


"»00 


InT 


6635 


«»0" 


BBOB 


6054 


50 








9S7 


9201 


90BG 


8802 


8708 


853i 


8805 


8B()a 




7905 


770,-, 


SI 










0503 


MBI 


9083 


SSSO 


6705 


8530 


6362 


seoK 


8040 


Twa 


7703 


53 








0727 


9400 


oesi 


UD80 


8B80 


8702 


8627 


8S60 


8800 


8047 


7001 


7760 


61 






S4 


0714 


0496 


9280 


y077 


ttSBS 


809M 


8524 


8851 


8197 


8044 


T80B 


7758 


64 




~5S^ 


O.OJW 


Moa 




9073 


BB30 


8696 


8521 


8334 


8103 






7756 






SO 


071b 


oias 




ooTa 


8H77 


8G93 


eei8 


8351 


6192 


8030 




7753 








57 


971* 


OlBi 


027 U 


9087 


8874 




8515 


8319 


8189 




7891 


T751 


57 






Gti 


97» 


94SI 




0063 


887U 


8687 


8513. 


8346 


8187 






7749 








aD 


9704 


94T; 






8867 


8684 


9510. 


834S 


8164 






7717 


SB 
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S^ 
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■l5°^ 
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TABLE XV. 
LooARiTHMs of the Appaeekt Altitudes. 



M. 


APPARENT ALTIT0DB8. 


M. 



29 



80 



81 



32 



38 



84 



35 



86 



87 



88 



39 



40 



1 
2 
3 
4 


0.7744 
7742 
7740 
7737 
7736 


7610 
7608 
7606 
7604 
7602 

7599 
7597 
7595 
7593 
7591 


7482 
7479 
7477 
7475 
7473 


7858 
7356 
7354 
7352 
7350 


7289 
7237 
7235 
7283 
7231 


7124 
7123 
7121 
7119 
7117 


7014 
7012 
7010 
7009 
7007 


6908 
6906 
6904 
6003 
6901 


6805 
6804 
6802 
6800 
6799 

6797 
6795 
6794 
6792 
6790 


6707 
6705 
6703 
6702 
6700 


6611 
6610 
6608 
6607 
6605 


6519 
6518 
6516 
6515 
6518 



1 
2 
3 
4 


5 
6 
T 

8 
9 


0.7733 
7731 
7728 
7726 
7724 


7471 
7469 
7467 
7465 
7463 


7348 
734G 
7344 
7342 
7340 


7229 
7227 
7225 
7223< 
7221 


7115 
7113 
7111 
7109 
7108 


7005 
7003 
7001 
7000 
6998 


6899 
6897 
6896 
6894 
6892 


6699 
6697 
6695 
6694 
6692 


6603 
6602 
6600 
6599 
6597 


6512 
6510 
6509 
6507 
6506 


6 

6 
7 
8 
9 


10 
11 
12 
18 
14 

U 
Id 
IT 
18 
19 


0.7T22 
T719 
7717 
7715 
7713 


758H 
7586 
7584 
7582 
7580 


7461 
7459 
7456 
7454 
7452 


7838 
7386 
7834 
7332 
7330 


7220 
7218 
7216 
7214 
7212 


7106 
7104 
7102 

noo 

7098 


6996 
6994 
6998 
6991 
6989 


6890 
6889 
6887 
6885 
6884 


6789 
6787 
6785 
6784 
6782 


6690 
6689 
6687 
6686 
6684 


6596 
6594 
6598 
6591 
6590 


6504 
6503 
6501 
6500 
6498 


10 
11 
12 
18 
14 


0.7710 
7708 
7706 
7704 
7701 


7578 
7675 
7573 
7571 
7569 


7450 
7448 
7446 
7444 
7442 


7828 
7326 
7324 
7822 
7320 


7210 
7208 
7206 
7204 
7202 


7096 
7095 
7093 
7091 
7089 


6987 
6985 
6984 
6982 
6980 

697b 
6976 
6975 
6973 
6971 


6882 

6880 
6878 
6877 
6875 


67»0 
6779 
6777 
6775 
6774 

6772 
6770 
6769 
6767 
6765 


6682 
6681 
6679 
6678 
6676 


658» 
6586 
6585 
6583 
6582 


6497 
6495 
6494 
6492 
6491 


15 
16 
17 
18 
19 


20 
21 
22 
28 
24 


0.7699 
7697 
7695 
7692 
7690 


7567 
7565 
7563 
7560 
7558 


7440 
7438 
7486 
7484 
7432 


7318 
7816 
7311 
7312 
7310 


7200 
7198 
7196 
7194 
7193 


7087 
7085 
7083 
7082 
7080 


6873 
6872 
6870 
6868 
6866 


6674 
6673 
6671 
6670 
6668 


6580 
6579 
6577 
6576 
6574 


6489 
6488 
6486 
6485 
6483 


20 
21 
22 
23 
24 


2a 
26 
27 

28 
29 


0.7688 
7686 
7683 
7681 
7679 

0.7677 
7674 
7672 
7670 
7668 


7556 
7554 
7552 
7660 
7647 


7429 
7427 
7425 
742; 
7421 


7308 
7806 
7304 
7302 

7300 


7191 
7189 
7187 
7185 
7183 


7078 
7076 
7074 
7072 
7071 


6969 
6968 
6966 
6964 
6962 


6865 
6863 
6861 
6860 
6858 


6764 
6762 
6760 
6759 
6757 

6756 
6754 
6752 
6751 
6749 


6660 
6665 
6663 
6662 
6660 


6573 
6571 
6570 
6565 
6566 


6482 
6480 
6479 
6478 
6476 


25 
26 
27 
28 
29 


80 
31 
82 
83 
34 


7545 
7548 
7541 
7639 
7637 


7419 
7417 
7415 
7413 
7411 


7298 
7296 
7294 
7292 
7290 


7181 
7179 
7177 
7175 
7173 


7069 
7067 
7065 
7063 
7061 


6960 
6959 
6957 
6955 
6953 


6856 
6854 
6853 
6851 
6849 


6658 
6657 
6655 
6654 
6652 


6565 
6563 
6562 
6560 
6559 


6475 
6473 
6472 
6470 
6469 

6467 
6466 
6461 
6463 
6461 

6460 
6458 
6457 
6455 
6454 


30 
81 
32 
33 
34 


85 
86 
87 

88 
39 


0.7665 
7663 
7661 
7659 
7657 


7636 
7532 
7530 
7528 
7626 


7409 
7407 
7405 
7403 
7401 


7288 
7286 
7284 
7282 
7280 


7172 
7170 
7168 
7166 
7164 

7162 
,7160 
7158 
7156 
7154 


7060 
7058 
7066 
7054 
7052 


6952 
6950 
6948 
6946 
6945 


6848 
6816 
6844 
6842 
6841 


6747 
6746 
6744 
6742 
6741 


6651 
6649 
6647 
6646 
6644 


6557 
6556 
6554 
6553 
6551 


35 
36 
37 
38 
89 


40 
41 
42 
43 
44 


0.7654 
7652 
7650 
7648 
7645 


7524 
7622 
7520 
751S 
7615 


7399 
7397 
7395 
7392 
7390 


7278 
7276 
7274 
7272 
7270 

7268 
7266 
7264 
7262 
7260 


7050 
7049 
7047 
7045 
7048 


6943 
6941 
6939 
6938 
6936 


6839 
6837 
6836 
6834 
6832 


6739 
6737 
6736 
6734 
6733 


6643 
6641 
6640 
6638 
6636 


6550 
6548 
6547 
654^ 
6544 


40 
41 
42 
43 
44 


45 
46 
47 

48 
49 


0.7643 
7641 
7639 
7637 
7634 


7513 
7611 
7509 

7607 
7505 


7388 
7386 
7384 
7382 
7380 


7158 
7151 
7149 
7147 
7145 


7041 
7039 
7038 
7036 
7034 


6934 
6982 
6931 
6929 
6927 


6831 
6829 
6827 
6826 
6824 


6731 
6729 
6728 
6726 
6724 


6635 
6633 
6632 
6630 
6628 


6542 
6540 
6539 
6537 
6536 

6534 
6533 
6531 
6530 
6528 


6452 
6451 
6450 
6448 
6447 


45 
46 
47 
48 
49 


50 
61 
62 
63 
64 


0.7632 
7630 
7628 
7626 
7623 


7503 
7501 
7498 
7496 
7494 


7378 
7376 
7374 
7372 
7370 


7258 
7266 
7265 
7253 
7251 


7143 
7141 
7139 
718S 
7136 


7032 
7030 
7029 
7027 
7025 


6925 
6921 
6922 
6920 
6918 


6822 
6820 
6819 
6817 
6815 


6723 
6721 
6720 
6718 
6716 


6627 
6625 
6624 
6622 
6621 


6445 
6144 
6442 
6441 
6439 


60 
61 
62 
63 
54 


55 
66 
57 

58 
59 


0.7021 
7619 
7617 
7615 
7612 


7492 
7490 
7488 
7486 
7484 


7368 
7366 
7364 
7362 
7360 


7249 
7247 
7315 
7243 
7241 


7134 
7132 
7180 
7128 
7126 


7023 
7021 
7019 
7018 
7016 


6917 
6915 
6913 
6011 
6910 


6814 
6812 
6810 
6809 
6807 


6715 
6713 
6711 
6710 
6708 


6619 
6618 
6616 
6614 
6613 


6527 
6525 
6524 
6522 
6521 


6438 
6436 
6435 
6433 
6432 


65 
66 
67 
68 
69 


M. 


290 


SO© 


81© 


Sao 1 88© 1 840 


860 


86© 


87© 


880 


'"89©"' 


400 


M. 
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ITHK3 of the AppaRiKt Altitbdm. 












APPARKNT *LTITU 


oa. 


































M. 


■11 


41 


43 


44 


43 


46 


47 


48 


49 


GO 


61 


61 


M. 








U.<]I3] 


uaji 


0:iO^ 


GI81 


6105 


60SI 


5059 


6889 


3811 


5757 


609i 


5G35 












03 la 


oaoi 


0181 


6104 


0039 


5958 


5869 


5831 


5756 


6001 


5631 










oiail 


oiili 


0158 


617f 


6 J 03 
6161 


6028 
0027 


S956 
5955 




6810 

5819 


T. 


600S 
5002 


5633 
5li31 












U3IU 






6100 


0020 


59S4 




6818 


6753 


5001 


soil 

6630 








aTttiS 


OSSa 




6176 


OOOU 


6015 




6881 


5817 










&4x;t 


6310 


B154 


6174 


0098 


6013 


6951 


5881 






508'. 


6029 










Ol-JU 


6133 


6153 


0173 


6090 


6011 


5950 


5881 


6815 


5750 














6111) 


6331 


6iai 


C1T3 


GOfti 


6011 


SOlO 


5880 


S813 


5740 




a037 










U4lfc 


6331 


0156 


6171 


G0U4 




5048 


5879 


6813 


5748 




SG30 








II.641U 


6331 


01 lU 




G0U3 


"ooTS 


504; 






5747 


6085 


5615 








0415 


03:111 


0147 


OlOB 


60U1 


0017 


5946 






5746 


6081 


5634 












032>i 


0116 




6090 


0010 


5915 


5876 


580U 


5745 


6083 












mil 


GJil 


G215 




GOHG 


6015 


5913 


587S 




5741 


6082 












04in 


mai 


6143 


6164 


0088 


0014 


fi94! 


6873 


5B07 


S743 




5011 








O.IWOU 


0311 


6111 


6163 


ooao 


6012 




6972 




5742 




5610 








Old; 


osai 


0141 


0101 


008S 


0011 


S940 


5971 


5805 


6741 


6070 


G6I9 










610U 


osm 


6139 


6160 


0084 




59SU 


6970 


5801 


6740 


6078 


G018 










fllt»5 


oittu 


61S8 


6159 


0083 


6609 


5938 


6800 




5738 


5077 


G6I7 










8403 


OSlh 


6137 


6158 


0081 


6UD8 


fi936 


3H0S 


5801 


6737 


5670 


5616 








O.fllUit 


oaii 


0135 


61SG 




6000 


5935 




5800 




567 6 


5615 


26 






(MOD 


0310 


0134 


6155 




6005 


£931 


5800 


5709 






5614 


11 








cany 


0114 


6133 


6151 




6001 


3933 


5801 


6708 


6734 


6673 


6613 


81 






31 


flSUJ 


oan 


0131 


6151 




6003 


£932 


5S03 


0797 


6733 


6671 


5611 








14 


0396 


0311 


0130 


6151 


0071 


6002 


B931 


5801 


5796 


6732 


6071 


5611 








0.«SU4 


OSIU 


ojat 


6150 


600O 


5920 


S801 




6731 


-SotS 




IS 




2G 


fiSQS 




0187 


6149 


00T3 


3099 


6988 


SWH) 




5730 


6609 


5609 


26 






27 


fiSD! 


01D7 


Mas 


6147 


0071 


5098 


5U27 


5851) 




6730 


5008 


6608 


27 






ae 


0S9D 


6301) 




6I4G 


0070 


3097 




6BS8 


5701 


6728 


5067 




28 






19 


63H9 


6905 


O'^as 


6145 


0009 


3006 








6727 


5666 


6606 






SD 


O.H3B7 


ejus 


GUI 


6143 






5024 


6955 


570U 


6726 




6606 


10 




SI 


ItSHG 


6301 


0121 


6141 


6060 


aifJ3 


5933 


5954 


578H 


6735 




6604 


31 






31 


6SM1 


esou 


oim 


6141 


0065 


5901 


5011 


68,'.i 


5787 


6721 




6603 


11 






S3 


6SX3 


OHIO 


oils 


6140 


60U1 


5001 


5020 


5952 


5T80 


6723 


5001 


5603 


S3 






S4 


6381 


019b 
OlUG 


GUI 


613f 


6663 

6061 


souo 


50lt) 


68S1 


5786 


5711 


66G1 


5601 


34 




SS 


0.63BU 




6137 






6850 


5784 


6711 


sooo 








36 


6379 


61QS 


GIU 


6130 




SUS7 


5017 


6819 




i710 


6059 




to 








0377 


G191 




61 S4 




3990 


5016 


5848 




5719 


6068 




IT 








037G 


0191 


6J11 




6658 


fi0S5 


5014 




6781 


5718 


6057 


3608 


38 








«3I& 
D.6ST3 


6191 
61h9 


G210 




6056 


fiOlU 


69H 


5845 


5780 


5717 


6656 




SO 




40 


6109 




6055 


5082 


5911 


5811 


6779 


5716 




6590 


40 




41 


0373 


OlBt. 




612" 


6054 










5715 




6605 


41 






a 


037(1 


eiM7 




GllS 


GOas 










5713 


S05S 




41 






a 


OSGii 


0185 


OlUj 


eia; 


0051 




59D0 


5841 


6778 


GTli 


6661 










44 


G3G7 


6184 


0203 


G12S 


G050 


5918 


6008 




5774 




6651 


5693 


44 




4S 


D.03G6 




"oioi 


G049 




5000 


1839 


5773 


"ino 




"6501 


45 




40 


6SG5 


6181 


0301 






5975 


5005 


S838 


5771 


5700 




6690 


46 






47 


0363 


6180 


0109 


0112 


6017 


SD74 


6001 


5837 


6771 


5708 


5048 


6580 








48 


0301 


6178 


0198 


0120 


6015 


S973 




6835 


5770 


5707 


5647 


6588 


48 






49 

" to 


6300 


6177 


0197 


out) 


GO 14 




5001 


5834 


6769 


6700 


E64( 


6687 


40 










01 18 


"go"4» 


5971 


■fiooT 


5833 


5708 




56U 








SI 


G3dH 


6174 




C117 


61)41 


5969 


5000 


5831 


S767 


5701 






St 






ai 


6350 


6173 


6193 






5908 


58U8 


6831 


6766 


6T03 






51 






IS 


6355 




OlUl 


0H4 


603U 


5907 


5807 


5830 


576') 


5701 


664S 




31 






B4 


6S53 


0170 


6190 




6038 




5890 


6819 


6701 


GTOI 




6681 


54 




fit 


9.0351 


0109 


6IS9 


GUI 


"cos? 


"ioofi 


~5N95 


5818 


^763 


6700 


5610 


6681 


'*5'6~ 






0351 


6108 




0111 


0030 


5963 


6894 


5817 


5705 


6691 


SCSI 




SO 








OS 19 




6I8G 


6101 


G034 


5903 


6893 


5815 


6761 


6698 


56S8 


667B 


67 














0108 


003a 


50G1 


5892 


ib-ii 


6700 








58 






GO 
M. 


OSIU 


OlUl 


OIM 


6106 


0032 


5000 


6890 


5833 


5750 


5696 


GGSO 


5S77 


69 




41° 


41" 


■n-^ 


40° 


TtS- 


"4b"3" 


400 " 


5-5^ 


61° 


SlS" 


M. 


ifP*R.NTALTJTDnM. 




















40 






TABLE XV. 
















L«K)*RiTHM« of the Appahekt Altitcde* 












~ 


— ~ 


— ^ 


— 3" 


— ^ 





— ^ 


— V 


~ir 


~r 


— 3- 


|— ^ 








M. 


61 


64 


66 


66 


67 


_£L 


50 


l!U 


(11 


62 


63 


64 


M. 









5SSU 


6406 


5414 






IIgii 


5225 


• 182 


5141 


Gioi 


60C3 










M80 


&4G6 




5SC3 




5360 


5224 


£181 


5140 












s 


S6I3 


Sai9 


54GS 




5363 


5314 


5208 










60(12 










S5TI 


SSI8 


6404 




53C;f 


53IJ 


5207 








5099 


5062 










5673 


S5I7 


6463 




6301 


6313 


5206 


6222 






Sg9'J 










0.6673 






5410 


6360 


5312 


5206 


5231 


"am 


"sTsi 


5098 


61100 











SS15 




5409 






5265 


622U 


5118 


6137 


£097 


iOOO 








1 






6460 


6408 






5264 


6220 




S130 


£097 


6059 








B 


G569 


6G13 


5469 






5309 


5263 


6219 




5135 


50D6 


5068 











B6U)> 


6613 


5468 


5407 


5357 


6399 


6263 


6218 


61701 


513} 


5093 


6058 










0.5567 


5611 


5468 


"6400 


"ssft'e 


"63bs 


6203 


.1311 


6176 




6093 


5057 








11 


8568 


SSIO 






5SS.'i 


6307 






6174 




£094 


6057 










S60S 


6609 




6401 


5354 


53D6 


5260 


621(1 


6173 


5133 


6093 


5056 










awn 


6600 




6403 


6353 


5306 


£260 


5213 


8173 


3132 


6003 


506S 










fisca 


6608 


5454 


6403 


5353 




6259 


5216 


5172 


5131 


5092 


606i 






15 


a.uti^t 


6607 






5353 


6301 




5214 


5171 


51)11 


5002 








Ifl 


SMI 


6600 


645* 




5351 


5303 






6111 


£130 


5001 










IT 


UfiD 






6400 


5350 


5302 






51J( 




5090 










IB 


SSS9 


SS04 




6309 


5349 


3302 






5160 




5000 


3052 








IB 


usg 


6603 


6450 


6398 


5349 


6301 


6265 


6211 


5160 


51^ 


50^.9 


6032 






HO 


D.»IUS 


S60B 


6449 






5300 


S25J 


"eino 




6127 


3088 








SI 


Ufil 


6601 


M4S 




5347 


5299 


6254 


6309 




6127 


5988 




31 






» 


sua 


6600 


6441 




6340 


529U 


5253 


6209 




6128 






22 






M 


SSfiS 


6409 


S44B 




5345 


5a9H 


5262 


5808 




6123 


5081 




23 






at 


SS64 


S490 


M46 


6304 


6345 


5297 




6297 


516 




6086 


5049 


31 




an 


S.S563 






5393 


5344 


5206 


"5261 




5104 


3124 


5086 


£048 






H 


SG53 






539a 


5343 




5250 


6308 




£123 


5086 


A041- 


36 






ST 


S56I 


S40e 


6443 


6391 


5312 




534U 


5205 




5123 


3084 


£047 


27 






m 




6195 


5443 


6391 


5341 


529-1 


£248 


6204 


6162 


6122 






38 






«B 


S64S 


44(M 


5441 


5390 




6293 
£202 


5318 

5217 


6201 


61(12 


5121 


6083 


3046 


2» 




U 


l.tS4H 


S49» 


3448 


6389 


5340 


6101 




6082 


5045 


30 




31 


S54T 


S49S 


5439 


558B 


6330 


6292 


5246 




5100 




5081 


5013 


31 






U 


6646 


£491 


5438 


6387 


6338 


6291 


£345 


6201 


6160 


5119 


6081 


6044 


12 






u 


S943 




&43T 


6386 


6337 


6290 






5169 


£119 


9089 


6043 








S4 


SS4t 




543 T 


6386 


6330 


62Hg 


5344 




516» 


£118 


608U 


6043 


34 






U 


a. 6644 


6489 


6436 




6336 


6288 


"5343 


■5799 


5158 




"SOTU 




36 






u 


S54S 




6436 


5384 


5336 


5288 


5342 


5199 


5137 




6078 


£042 


SO 






ST 


*t43 


6487 


S434 


6383 


5334 


52S7 


321V 


5198 


6156 




8078 


50.11 








■a 


tS4I 


6486 


S43S 


6382 


6331 


6286 


5241 


6197 


6166 




8077 


5010 








•9 


1S4D 


6485 


64311 


5381 


S33» 


8385 


6240 




5165 


SllJ 


80T6 


5QI0 


IS 






«• 


B.iUO 


"6484 


6431 


6181 


6831 


8285 


8230 


51 'JO 




6114 






40 






41 


U3B 


■481 


S43I 


5180 


6331 


6264 


8239 


5195 




6113 


60;5 


£039 


41 






U 


•iST 


6489 


6439 


SITS 


8130 


8281 


6238 


5194 


6163 


fills 


6076 


fiOtb 


42 






41 


SlU 


S4SI 


6429 


S1T8 


SIM 


6282 


5a3T 


5194 


6152 


B112 




5037 


43 






44 


SS3S 


6481 


64i!b 


5877 




5282 


5236 


8193 


6151 




6973 


5037 


44 




4S 


0.SSS4 


"mm 






6328 


5281 




£193 


6161 


(111 


6o;a 








M 


SS33 


64T9 


6426 


6370 


63« 


5280 


523:^ 


G1!I2 


5150 


51K 


(072 




49 






4T 


6633 


G4T8 


S42& 


5375 


5326 


fi27B 


8234 


6191 


5149 


alio 


(071 


5U33 


47 






4B 


ssai 


84TT 


64as 


(174 


6)26 


eSTBi 


8833 


£190 




510U 


6071 


8034 


4M 






«II 


8S3] 


S4TI 


6424 


8371 


6128 


a2T8i 


6333 


5190 








5034 


49 




BO 


>.BSla 




MM 


8172 


6(24 


saTT 


8832 




6117 


5108 


6970 


5033 






tl 


SG20 




G42a 


81T1 


6191 


8B7H 


8831 




6147 


6107 


5069 


(03.t 


61 






SB 


SG3B 




6491 


8871 


6«^t! 


6276 


8230 


5187 


6146 


6196 


6068 




(2 






SS 






5420 




6331 


9275 


8230 


£187 


6146 


6IU6 






63 






64 






6419 


63C0 


53il 


5274 


5229 


fil8( 


6146 


5195 


5067 


8931 
50S0 


64 






B.ssas 


64T1 


5419 


"ssS 


6320 


5273 


6i2ti 


5186 


(111 


£104 


5060 












54U 


6367 


6319 


5272 


6228 


6186 


6143 


6104 


(060 


£OS<J 


(0 














6367 


6318 


6272 


6227 


51*W 




5103 


4066 




57 








662-^ 






6366 


5317 


6271 


6226 




(142 


5102 


60<i5 


8028 








te 


6sai 


640T 


6416 






6370 


£225 




6141 


5103 


60M 


6028 


(U 






H. 


63° 


64^ 


T5«" 


^16°' 


"570 


"68^ 


'59° 


-WP- 




62^ 


63" 


64" 


M. 






AF»»Nf *tT,tnt>M 

























TABLE XV. 
ARiTHMSof the Appauen 



M. 


*PP.«^:NTA..T>T,IJ,Ea. 


M. 


05 


66 


m 


6^ 


60 


70 


71 


78 


73 


74 


75 


4731 

4731 
473D 
4730 
4730 

4720 
472 U 
4728 
4728 


I 


•"sDS; 

5025 


4UIIS 
4093 
4992 
4991 

4990 


4960 
4950 
49S! 
49Sb 
49SS 

496(1 
4956 


4928 
4988 
4927 

4927 

4U35 
4025 
4924 
402J 


4B9b 
4H08 
4hO(- 
4897 


4871 
4870 
4S69 
4869 
4868 


484: 

4S4l 

484 :! 


4818 

4818 
481J 
4817 
4810 


4791 
4704 
4791 
4703 

4798 


4772 
4771 
4771 
4771 

4770 


475 
47B0 

4760 
4760 

4740 


5 
6 
7 

6 



0.5024 

eo24 
soas 

6023 
5022 


4080 
4080 
4080 


4b90 
4890 
4895 
4896 
4894 


4808 
4861 
4867 
480V 
48C0 


48II> 

4811 


4701 
47B1 
4791 


4770 
4709 
4769 
4760 
4768 


474h 

4748 


10 
11 
ii 
IS 


5020 
COlO 


4987 

4986 
4985 
4985 


4954 
4054 
4953 
49SS 

4952 


402S 
4923 
4022 
4923 
4081 


4894 

489S 

4B9S 


4866 
4865 
4865 
4864 
4861 


4839 
4810 
4838 
4838 
4837 


48U 
4813 
4813 
4813 
4812 


4790 
4790 

4780 
4789 
4789 


4768 
4768 
4707 
4767 
4767 


4747 

4747 
4747 

4740 
4740 


4728 

4788 
4727 
4727 




18 


O.SOIR 
60IB 
S017 
6017 
601G 


4984 

4984 
40H3 
4983 
4082 


4052 
4951 
4951 
4050 
1050 


4921 

4020 
4020 
4010 
4010 


4891 
4891 

489U 
4890 


4803 
4863 

4863 
4801 


4837 
4830 
4836 
4830 
4S35 


4812 
48H 
481! 
4811 
4810 


4788 
4788 
4787 
4787 


4766 
4766 
4766 
4763 
4765 


4744 


4720 
4786 
4726 
47aA 
4785 




20 
31 

•a 

S3 
S4 


0.5U16 
&01S 

6014 
6014 
6D1S 


4982 
40HI 

4080 
4980 
4079 


4910 
4940 
4048 
4048 
4917 


4UI8 
491t! 
4017 
4017 
4010 


4bb9 
4888 

4887 
4887 


4861 
4861 

4800 
4860 


4836 

481-1 
4833 
4833 


4810 
4809 
4800 
4809 
4808 


4786 
4786 
4785 
4T85 


4764 
4761 
47W 


4744 
4744 
4743 
471S 
4743 


4723 
4724 
4731 
4721 
4721 


~26~ 
20 
27 

as 

89 


2i 

is 

S7 

as 


5012 


4^8 


4946 
4945 
4945 
4914 


4010 
4915 
4915 
4914 
4014 


4886 
4886 
4886 
4885 
4885 


48,i9 
4858 
4858 
485? 
4S57 


4833 
4633 
4832 
4831 
4831 


4808 
4807 

4800 


4TS1 
4783 


4763 
4702 
4702 
4763 
4761 


4742 
4742 


4733 
4723 

4722 
4722 


30 
31 
32 


0.6010 
6000 
6000 
5006 
6007 


4070 
4975 
4975 
4'JT4 

4071 


4944 
4943 
4941 
4942 

4942 


4913 
4913 
4912 
4911 


4884 
4883 
4883 


4B5J 


4830 
48»0 


4800 
4805 
4805 
4806 
4H01 


4783 
4782 
4782 
4782 
4781 


4761 
4761 

4760 
4760 
4760 


4741 
4740 
4740 
4740 
4739 


4722 
4721 
4721 
4721 
4720 


30 
31 
33 
33 
34 


3i 

»r 

S9 


0.5007 
6006 

60oe 

5005 
5O05 


49JS 
4972 
4972 

4971 


4941 
4911 
4040 
4940 

4930 


4911 
4910 
4910 

4909 


4882 
4881 
4881 
4880 
4880 


4854 
4854 
4H63 

ma 

4851 


4828 
4838 
4837 
4827 
4827 


4803 
4803 


1780 

4780 
4780 
4779 


4759 
4759 

4758 
4758 
4738 


4730 
4710 

473b 
4738 
4738 


4720 

4720 
4720 
4719 
4719 


SO 


40 
41 
42 
43 


0.5004 
6001 
6003 
5002 
6002 


4909 

49G8 


ii 


4008 
4008 
4007 
4007 
4000 


4878 


4852 
4861 
4861 

4860 


483U 

4835 
4825 


4802 
4801 
4801 


4779 

4779 
4778 


4756 


4737 

47SJ 

4730 


4719 
4718 
4718 
4718 


40 

43 
41 
44 


40 


O.SOOl 
5001 

5000 


4068 
4967 
4967 
4966 
4966 


493(i 
4936 
4935 
4934 
4934 


4906 
4905 
4O04 
4904 


4877 
4877 
487B 
4876 
4875 


48,'iO 
4840 
4840 
4840 
4818 


4824 
4824 
4823 
4823 
4S22 


4800 
4799 
4790 
4799 

4798 


4773 

4777 
4770 
4776 
4T76 


4756 

4755 
4755 
4755 
4754 


473U 
4735 
4735 
4735 
47S4 


4717 

47 17 
4717 
4716 
47lfi 


48 


50 
62 


0.4908 

4'j9a 

4907 
4097 

4990 


4965 

4965 
4961 
49U3 
4963 


4933 
4933 
4032 
4032 
4931 


4903 
4903 
4002 
4902 
4001 


4874 
4874 
4873 
4873 


4848 
4847 
4847 
4»10 
4840 


4822 

4821 
4821 
4820 


4707 
4797 
4796 


4775 
4774 
4T74 


4753 


4734 
4731 
4733 

4733 


4715 
4715 


50 
61 
62 
63 
64 


6S 
SO 
67 

es 
so 


0.4U90 
499S 
49!kl 
4001 

4093 


41H12 
496:! 

49C0 


4930 
4920 

4920 


4O01 
4900 
4000 
4890 
4800 


4872 
4872 
4872 
4871 
4'S7I 


4816 

4814 

4844 


Isio 


4796 
4790 
4795 

4704 


4773 

4773 
4773 
4772 
4772 


4752 
4762 
4753 
4751 
4751 


4733 
4732 
4732 
4732 
4731 


4714 
4714 

J714 
4713 


56 
67 

68 
50 


M. 




60" 


67^ 






70^ 


71" 


720 


73" 


74° 


76" 


76^ 


M. 


*PP»1EIIT»LT1TIJ 


"■"■ 







TABLE XV. 

LOOARITBMS of the APPARSTT AltITDDES. 



M. 


»fr««T.iTm.B£i. 


M. 


77 


78 


79 


60 


81 


S3 


83 


84 


4 


86 
4611 

46l( 
461« 
46101 


87 

4006 
460G 


B8 
4603 
4603 

40111 

4602 
4002 
4002 
4002 
4602 


a 


471K 
47 IZ 
4712 


4G(H^ 
4«N 
409S 
4691 
469a 


4ebt 
4686 
4680 
4686 
4680 


4A«H 

4e<Mi 

4666 
46(H 
400( 


4661 

46S4 
4653 
4653 
4053 


4642 
46IX 
461X 

4612 
4612 


4632 

4032 
4632 
403X 
4632 


4034 
4021 
463t 
403* 
40» 


4616 
4616 

4616 


7 

10 
11 
13 
tl 
14 


0.4! II 
4711 
4711 
4710 

0.4710 
47IU 
47IW 
4709 
4709 


leos 

4694 
4691 

4ora 
4mii 

4693 
4093 
4693 


4671 
46711 
467fi 
4679 


4661 
4665 

466] 


4«U 

4«a 

4653 
46S2 

4652' 


464* 
4UI 
4UI 
4641 

4611 


4«3X 
403K 

4631 
4031 

4611 


463! 


i 


4O10 
4610 
4610 
461 Ol 
46101 

4611 
4690 
1«09< 


4606 
460(. 
4603 
4603 
4605 
4603 
4603 
460S 

^ieos 

4603 
4603 
4605 
4605 


44,;b 
4678 
4G78 
4677 
4fl77 


4661 
4661 
4661 

vm 

4003 


4651 
46*1 
4691 


4611 
4611 
4610 
461( 
««ll 


4131 
4631 
40(1 
46K 


4623 
4622 
4622! 
4032i 

481^ 


4615 

4015 
4G15 
4615 


460-i 
4602 
4603 
4602 




It 

18 

19 


1.4706 
4703 
4708 
4708 
4707 


4699 

46W 
4691 
4601 
4601 


4677 
4677 
4676 
4676 
4676 


4661 


4651 

46SI 
4650 

4«se 


4040 


4014 
4034 

4610 

4630 
4630 


1 

s 


4615 
4615 
4015 
4615 
4015 


4609 
4609 
4609 
4009 
4609 


4602 
4602 
4603 
4602 
4002 




20 
SI 
S3 
33 
31 


|0.47O7 
4707 
4706 
4706 
4706 


4691 
4690 
4690 
469a 
469t 


4676 
4675 
467S 
4675 
467S 


460!t 
4602 
4663 
4661 
4661 


40SC 
4650 
4619 
4649 
4649 


4630 
4639 
4639 

4<B(- 
4638 


463U 
4629 


4621 
4621 
4621 
4621 
4621 


4611 
4614 
4611 
4614 
46N 


4609 
4600 
4009 
4609 
4009 


4065 
4605 

4004 


4602 
4002 
4603 
4602 
4602 

4602 

4603 
4602 


~8S~ 
30 
27 
28 
29 


2i 
26 
27 
38 
39 


B.4706 

470.i 
470J 

0.4;uj 
4701 
4701 
4703 
4703 

470-J 
4702 
4702 


4C»9 
4680 
4669 
4080 
4858 


4675 
4674 
1671 
4674 
1674 


4601 
4661 
4660 
4660 


E 


4038 


46201 
1629 
4628 
4628 
4628 


4621 
4621 
4630 
46301 
4C20I 


4614 
4614 
4614 
46)4 
4611 


4G0» 
4008 
4608 
4608 
4608 


4601 
4001 
4604 
4604 
4601 


ID 
31 
33 
31 
H 
li 
36 
37 

as 

39 


4(ibS 


4673 
4673 
4673 
4673 
4672 


4660 
1060 
4G60 
1659 
1630 


4048 
461B 
4618 
4647 
4617 


4637 
4637 
463; 
4637 
4637 


4628 

4628 
4627 


46201 
462tf 
4G2« 


4611 
4611 
4613 
4613 
4613 


4608 
4606 
4008 
4606 


4601 
4601 
4601 
4001 
4604 


4601 
4661 
4601 
4001 
4601 


10 
31 
11 
» 
14 


4U8: 
46B7 
46S«i 
4686 
4686 


4672 

iC-7 
46781 
4671 

4671 


4«i9 
4659 
4658 
4658 

4658 


4617 
4647 
4C40 
4640 


4SJ6 
4636 
4630 
4636 
403fi 


4627 
4627 
4627 
4631 


4619 
4619 
4619 
4619 
461!^ 


4613 
4613 
4613 
4611 
4613 


4W)8 

460^ 

4007 


4604 
4001 
4004 
4001 
4604 


4601 

4601 
4601 
4601 


15 
36 
37 
SH 

39 


to 

43 

49 


8.4701 
4701 
4701 
4701 

4701 


4686 
4685 
4685 
1685 
468i 


4671 
4671 
4671 
4670 


4658 
4658 
46S7 
46S7 


4I>46 
4616 
4616 
I61<i 


463<. 
4630 
4635 
4635 
4635 


4627 
4626 
46261 

462)1 
4026 


4618 


461 Z 
4613 
4612 
4613 
4613 


4607 
460; 
460: 
400: 


4603 


4601 
4601 
4601 
4601 
4601 


40 
42 


0.47OO 
4700 
4CB3 
4690 
4699 


46W 

4GH1 

468! 


4670 
4670 
4060 
46691 
4669 


4&.7 


4&1S 

46 rs 

4643 
4643 
4641 


4635 
4035 
463S 
4G34 
4631 


462(1 
46^6 
4636 
462.i 
462S 


4618 
461H 
46lh 


461 % 
461s 


4607 
460; 
460: 


46U3 
4603 
4603 
460S 
4603 


4601 
4601 


45 
46 

47 
48 


50 
SI 
S3 


0.4C99 
469(1 
4698 

469.- 


46«3 
4663 
4683 
4082 


4668 


4650 
4656 
46i5 
46S5 
46SS 


4tH 

i 


4634 
4034 
4634 
4634 
4633 


4625 


4618 
4618 
4017 
4617 

4617 
4617 
4013 
4617 
4617 
81" 


4611 
4611 
4611 
4611 
4611 


4607 
4607 
4606 
4606 


4603 
1603 
4003 
4003 
4603 


4601 
4601 
4601 
4601 
4601 


51 
52 
53 
51 


55 

^6 
57 


0.1(i97 
4697 
4607 

770 


468!! 
"7S*> 


4668 

466- 

466- 


46S5 
46SS 
4654 


iiii 


463! 

1633 


4625 


4611 
4611 
4611 
4611 
4611 
85'> 


4606 
4606 
4006 

4001, 
4000 


4601 
4603 
4663 


4001 
4601 
4601 
4601 
4601 


56 
57 
68 
59 




80° 


81" 




8S^ 




87° 


88" 


M. 


*PP*KEriT ALTITUDES. 





TABLE XVI. 43 | 






LoGARiTHMa <,( the Appauent Distahck. 






M. 


tpPAIlEMDUrtHCE. 


M. 




I»>^ 


19° 


20" 


a,o 


a,c 






l,^.T. 
















l»E. T 




I-*. T. 






U.oll) 


i.5i;!6 


J.iJ7l 


1.6341 


).661 


l.5Jl! 


1.584: 


1.6730 


D.6U04 




}.l>S7l 










fil2: 


51S( 


537. 


6»t^ 


6616 








606> 


5U21 


628^ 












aiSli 


5131 


6371 




661! 






671: 


0071 


61135 














fil3l 


513; 


038:i 




662: 


566! 




5715 


607i 


6U30 


G3si 








4 


4!iir 


5l3i 


5141 


63H(, 


aan 


5621 


5656 


5857 


5748 


6071 


51111 


62Ui 














J.63»l 


1.5351 




1.5501 


).680i 


1.5761 


J. 0081 


I.59H 


i.WJi 














S3'J' 


53(>l 




65(1! 


586. 


675. 




5937 


















63UI 


6.105 




65e( 


6808 


575) 


0091 


6941 


















540: 


63(itt 




6371 


6871 


5761 




8U4! 


6301 








9 


49J5 


61 5( 


5159 


64D7 


6373 


5611 


6573 


5871 


5764 


609. 


6UJ3 










u.aiiti 


S.516; 


).54r 


D.6375 


).5G51 


1.5576 


1.687! 


t.570i 


J.OIUI 




1.631. 








494! 


5165 


5107 


541^ 


6371 


505' 


5571 




5771 


010. 




631: 










41MG 


5161 


517( 


5411 


5sai 


665) 


558; 




















4»5( 


617! 


5I7J 


542: 


5385 




55(5< 


5891 




on: 


6957 


6134 








14 






6177 


5427 


5380 


566:> 


55S9 






0113 


5900 


G33)) 














1.5431 






1.S59-. 


I.68UI 


■.67bi 


i.eiu 


1.6963 


1.633] 






If) 


4961 


filHI 


61BS 




53W 


607! 




600: 


678! 


Bia: 


6U6U 


633.1 








IT 


4116S 


Sim 


6I8f 


5431 




5677 




6DUI 


6781 


0121 


5901) 


033) 








IN 


4901 


Sins 


5I0S 


544; 




5681 


5002 


6U0! 


6791 


012! 


5U7j 


6341 








1» 


497! 


SIW 


6I9( 




5400 


5685 


5605 


69U 


6795 




6975 


6343 












it.SllA 


1.6461 


).54(l! 


1.5681 


l.50D< 


1.5B1: 


1.6796 


I.OISt 


L).6U7t 


1.6348 












5303 


6455 


54K 




6Uli 


592 


5801 






5351 
















6451 


54 it 


56!)C 


6015 


593. 


680J 


014- 


5981 


6355 


it 














54fi: 


5421 




501) 


692b 


5S0J 






0351 


23 






a4 


409S 


am 




54B! 


54:j3 




6021 


5031 


5810 




£990 


0302 


24 






O.i^Ot, 


0.bi2-l 


1.5217 


U.6471 




0.570): 






1.5bU 


1.615. 


).5U9i 


1.6300 






Ui 




Ii23b 


5231 


6475 




5715 






58U 




699S 




311 






■Jij 




533: 


5334 


647) 




6711: 


603 1 




58 It 


616: 


590) 










■m 


bm 


53S1 


623^ 


6481 




5721 




6947 


583S 


616; 


OOUl 




2S 






*\i 


AUII 


5341 


6231 


64lt7 


5440 


fi72J 


6038 




6825 


0161 


60U4 


6380 










1.6235 


).64U1 


1.544! 


1.5727 


1.6041 


1.5934 


1.682) 


1.0171 


1.6007 


1.(1383 


30 












64W 


544; 


6731 


504J 


6966 


5831 




OOlfl 


(1380 


31 














6S0l 


5451 


6735 


6641 


690 1 


6BS. 




6013 


63Wfl 


3)1 










533) 




660.: 


545! 


573! 


.^061 


590,i 


6831 




6010 


0393 


3;i 






34 


SOSOI SSfiS 


5249 


6S0h 


5457 


6743 


50S4 


6UG!^ 


6841 




OUll. 


639; 


31 






as 




1.6263 




).641i< 


a. 5711 


1.6061 




1.5844 






I.6I0II 


3.1 






^R 




6271 


6266 


5311 


646! 


5751 


6oec 


5971 




61W 


0024 


(MIM 


30 






»T 




6375 


62U 


5^21 




575-1 


61165 


6981 




6iu; 


6027 


MO? 


37 






»H 




637! 


MOi 






675^ 




598. 




6201 


6030 


0111 


38 






Sl> 




628; 


53CT 


S5Zt 


6474 


5782 


607 


SUli? 


5856 


620. 


6033 


0114 


39 






O.SUjl 


0.6aB7 


1.5270 


).5.^:il 


1.6477 








1.5851 


i.eao) 


1.603(1 




40 






S036 






6.'i35 


6481 


6771 


6)170 




5862 


6211 


603(1 












fionc 


63Ui 


5376 


m: 


S48J 


677! 


607! 


699t 


6S05 


621; 


6D4S 




43 






43 








G.i4: 


6481 


6777 


SGHl 




680) 




0046 










*r 




630^ 


6a»5 


5I>47 


64«0 


6781 


6085 
3.5089 


600) 


6871 


022a 


6017 


6131 






). 5(171 


>.S3W 


>.52H8 


1.5551 




1.5785 


1.0001 






I.nu5( 


1.6435 


45 




4« 


S07S 


531: 


539j 


555i 




578! 


509a 


001! 


5877 






613): 


46 






47 


S07f 


63K 


5395 


6551 




679i 


5095 


60 1; 






603( 


6441 








4H 


SOHS 


S32< 


5301 


556J 




679( 


669) 


airu 






6061 


614-> 


48 






4lt 


aOHG 


533 


530a 


5567 




6801 


6701 


0024 






6003 


6448 


4U 
56 






l.ftlHH 


j.asa 


i.530B 


1.557: 


l.551( 


1.680; 




1.002) 


1.6881 


1.621: 








51 


SOS! 








551'! 


680t- 


670) 


6031 


6802 


0241 


600) 










AS 




613: 






551; 


6811 




6036 


6895 


6251 


6071 




53 






m 




634 




55ti: 


5521 


6Bli 




6031 


689) 


0254 


607! 










&i 


fiI04 


534.'. 




5587 


B.-ia3 


6810 


6117 


OOli 


5001 


8257 


6071 


6465 


6) 






J.SIOS 


).534t 


l.63« 


).6501 


I.S52; 


1.688; 


l.672t 


1.6041 


1.69U. 


I.G201 


1.607910.0401 


65 






sni 


535! 


6327 


559: 


6631 




672! 


eo3( 


690: 


026: 


OObl 


6472 


50 








alls 


5357 


633C 


6591 


653! 


5831 


572e 






036) 


6085 


0471 


57 








511! 


53ni 


5331 


500: 


6637 










0271 


60b; 


0471 


58 








513! 


63fit 


5337 


6607 




583) 








627; 


6091 


6481 


59 






60 


6126 




5341 


5611 


6613 


5(945 


6730 


6004 


5019 




6093 


6480 


60 










->it.«. 




















M. 


1B° 






21° 








Al-CAlltNY DIStAKCE. 














44 


TABLE XVI, 


1 






LoG.^RiTBiis of the Apparent Distance. 








M. 


IFF A k EOT DtSTAtiCS. 


M. 




U^ 


25" 


26" 


27° 


28° 


39° 


(..,.S. 




«K. S.JI«S. T 


-»;. S.ILOE. T 






-E- S. 




>«.s. 


Lue. T. 




o.&m 


0.64»( 


.0259 


u-cat^ 


>.041» 




).(>5;o 


1.7071 


I.671( 


).725; 


1.6856 


1.7436 














66!)l 


0121 


688; 




7o;i 


6JU 


7261 


685; 


7441 
















669; 


012; 


6»8!^ 




707. 


6721 


726! 


«86( 


744i 














G20H 




6421 


6891 




7081 


672; 


736( 


t>86: 


7416 








1 


0.UIU7 


ai<M 


0270 




642 D 


0895 


6580 


7084 


6726 


7369 


6865 


7*19 






).027! 




>.643l 


).6B9! 


!.05«; 


l.708i 


1.672) 


1.7a7S 


).0U67 


1.7451 








6111 


OiOt 


6276 


0706 


043-1 


fl9!H 


6585 




673( 


727£ 




7455 








7 


on; 


6511 


G27b 


67H 


643: 


690 


0588 




673: 


7271 


687:i 


745* 










6II0 


65i: 


02a 1 


0713 


643! 


69o: 


6591 




6735 


728: 




7461 








10 


GlIU 


IWU 


oaai 


07U 


6442 


0911 


0593 


710< 


0737 


72»4 




7464 
0.7467 


"is- 




).flliil 


i}.6a2( 


.:6iw. 


J.072) 




>.6UI4 


t.0595 


1.710; 


l.«74( 


).7a8: 


l.687t 










62H< 






6917 


OSOti 


710( 


0741 


7291 




7431 










61^; 




6291 






692( 




710! 


674J 


789: 


6883 


747: 








l» 


0131 




6295 






692: 


66D; 


7115 


■741 


72!»( 


6885 


747G 








14 


613; 


6^33 


0297 


073: 


6455 
>.6157 


692; 


6605 


711i 


074! 




6887 


7479 






I.CIS* 


J.653i 


1.6300 


l.07S( 


J.093( 


1.6607 


).711, 


t.67SS 


).7MS 


i.6«yc 


1.748:1 








am 


6541 


630: 


673! 


0401 


093: 


OGII 


712 


675J 


7305 


689S 












014] 


054; 


0305 


674; 


046: 


693( 


66I- 


7125 


6766 


730( 


6891 












6I4J 


an: 


G30t 


6741 


6465 


693! 


6015 


7121. 


6755 


7S11 


6896 


7491 








ID 


6117 


055( 


0311 


674! 


6467 


691)1 


6617 


7131 


6761 


7314 


6899 


7491 








1.614' 


).fi55: 


1.6313 


).675i 


>,0471 


1.6941 




1.713, 






1.0901 


1.749; 








6 152 


055J 


0316 


6751 


647J 


»94> 




713; 




732( 


ami 


7500 










6155 


OflGt 


6311 


67S! 


0475 


0951 


6625 


7U( 




732; 


6905 


7503 


■n 








615S 


056- 


fi.121 


670: 


0171 


6955 


6021 


714: 






090t 


750(. 


•a 






■21 


6161 


0567 


ns3i 


6705 


6480 


09Sb 


6629 


714( 


6773 


7331 


OQIU 


7509 


2i 

26 






I.G16£ 


).657l 


I.U327 


).070l 


I.64H! 


I.096J 


1.0032 


1.714! 


1.6775 


1.733: 


1.691: 




vn 


am 


057-: 


e32<i 


677: 


6485 


69G5 


663J 


715: 


6777 


7SS< 


691; 




3H 






■ji 


am 






677i 


64Mt 


0!N>t 


0037 


7151 


6781 


733! 


691; 




27 






■/H 


am 






0771 


619( 




663! 


7151 


678: 


7Sli 


691i 


7621 


tn 






■ji) 


6175 
0.6177 


6SSi 

0.0587 


6337 


678: 


0493 


0974 


604i 


7105 


6784 


7345 


6931 


7523 


29 




1.0311 


1.6785 


>.0495 


).6977 




1.7105 


1.678; 


1.7Slt 


1.692! 


l.7B2t 


30 








05» 


6342 


078! 


640» 


098 










6920 


752! 


31 










65* 


6345 


0701 


65a( 


098 




717: 


6791 


7SS; 


692r 


7631 


3a 










059; 


6:;4E 


679; 


650; 


6B87 


6051 


717. 






6Q3< 


7535 


33 






S.'. 




oooc 


6350 


0791: 


0505 


699(1 


065 J 


7177 




730( 


6931 


763h. 


34 




i.6iyi 




l.635:< 




(.U5UH 




1.6656 


1.7181 


1.6798 


1.730; 


1.0935 


1.7541 




»<) 


6IHI 






080: 


0611 




OfiS! 


7 is: 


0801 


730* 


69S; 


7644 








ST 


0191 




635h 


680) 


05i; 




OGGI 


7181 


6803 


736! 


0931 


7647 


37 






3S 




eoi. 










6002 


718! 


0805 


7371 


0941 


76511 


3H 






3!l 


0202 


661; 


6361 


081 -) 


6518 


7000 


6000 


7192 


6808 


7375 


09j; 


7553 


iit 






JH 


>.62US 


).U62( 


1 0360 


t.esi: 


t.053l 


t.7oo: 


1.0608 


1.7191 


I.681L 






1.755(1 


40 








e20f 


002 


6301 


68ai 


053: 


701i 




7191 


6812 














42 


02 ]< 


602; 


0371 


68;t 


0526 


7015 




720:; 








7502 








4:1 


021 ; 


OtiSI 


03 7-1 


682; 


652t 


7018 




7205 


6817 






7665 








44 

4^ 


0216 
D.021<J 


6631 


(1377 


6H30 


0531 


7022 


6678 


720t 


6Hig 


730! 


6954 


7568 


44 




K(i03; 


1.031! 




I.G53: 




i.ooai 


f.7aii 


1.6821 


1.739; 


1.6957 


1.7571 


46 


















608; 


721! 


6821 


7391 






411 






47 


022 












6083 


7211 


6M20 


739! 


0901 


7570 








4S 


622; 










70S: 


oob; 


7221 




740i 


0903 


7B7! 


4M 








6230 


065 e 


63 UU 




6513 


7037 


669( 


722: 


6831 


7405 


09G0 


758a 


49 






1.023: 


1.6651 


l.03Ui 


>.fl85l 


1.65 1( 


).704( 


lo.ooiia 


l.722( 


1.683; 


0.7408 










51 


0335 


6057 


639.J 


085: 


654fl 


TOi; 


6095 


722! 


6835 








51 






AH 


(i23( 


660( 


639( 


0851 


6551 




009; 


72S5 


68S7 








G2 






53 


624( 


660) 


6101 


6B51 






009! 


7235 


6H4( 








53 






51 


6243 


6007 


6403 


0803 


C5S6 


70.13 


6702 


793 1- 


6Bi2 


742( 


6977 


7597 


34 




55 


).624l 


».G07( 






>.655i 


l.705t 


1.670; 


1.7341 




1.742; 


)697' 


1.70l)( 










66T! 


6lUh 


086! 


6561 


705! 




7245 




7426 


6981 


760! 












007! 


6411 


6871 


656: 


700: 


670! 


7M* 




7421 


698: 


760< 












ooai 


041 ; 




656! 


700,-, 




7251 




743: 


6985 


760! 












oob; 


eiK 


687! 


656r, 


700[ 




725- 




7435 


698h 


7611 








M. 


c^.s: 


0OS7 


041 S 


688-i 


0570 


7»T. 


6710 






7]3e 


6990 


7011 


00 




Lob. T 




l-e-T 




I-K. T 




[-«. T 


*e.s. 








M. 


240 








27° 




1 


90 


*Pl>AKI;r,TDIBTAirOB. 










_ 



TABLE XVI. 
LoaAKt-TBHs of ihe Apparent Distamck. 



M. 




Al-PjtkBNf DISTANCE. 


M. 






32- 


33" 




356 




t-S-T. 








U,«.T 


Lo,.S. 


i^.r 




^OB-T 




Lo(. T. 


a 


i.uuui 


P.761-; 




).77Hft 








l.biao 


1.7476 


).8891 








1 


nana 


7617 


7121 


77iH 


721J 






81 *( 


747i 


880: 








•i 


ewK 


76^1 


712: 


7W. 


724( 


796. 




813 


747! 


829; 


7591 


8458 




i 


aiHX, 


702! 


7l2i 


7791 


724^ 


79G( 




813: 


7181 


829- 


7501 


8461 




4 


omw 


7aa( 


7127 


770' 


7851 


70fil 




8131 


748! 


8So: 


7so; 


8161 








).76^) 


1.7121 


1.780; 


I.725S 


).707i 


1.7371 


1.813! 


I.748S 


).8303 



















72.iJ 


7975 


737: 


8111 












7 


TflDi 






7801 


7251 


797( 


737S 


»Ui 


748: 










H 










798t 


798( 


737] 


8ii; 




S3 11 


7604 






9 


7000 


7ftll 


713t 


7813 


T200 


7981 


7370 


81.51 


7492 


831- 




8471 




III 


i.;oii 


t.Wi 


t.risi 


).78H 


>. 726:1 




t.738l 


J.ais: 


1.7491 


1.8311 


1,760. 


0.817! 




11 


70H 


764( 


7141 


7ait 


7201 


7981 


738-i 


8151 


7496 


838t 


7004 


6181 




II 


7011 


784! 




7H± 


7260 


709: 


7384 


8151 


749( 


832! 


700: 






11 


T01> 


765: 


7iir 


7825 


736t. 


70a 


7386 


8161 


7501 


8385 


760! 


8481 




14 


T02( 


765/ 


71ih 


7S2f 


7270 


7997 


7388 


816- 


7501 


Hsah 


7011 


8401 




IS 


).702a 


).765> 




1.7S3I 


1.727i 


).80Ol 


1.7390 


1.8167 


).7.S04 


t.833I 








Ifl 


7025 


766 




783; 


727-1 


800; 


73!1S 














IT 


7025 






7831 


7270 


8001 


7391 














IH 


7021 


766; 




783! 


7278 


aoot 


7396 


8175 












I'J 




7671 




781: 


728!) 


son 


7398 


S\7t 




8341 


70a( 


8503 




an 


>.Tl)3; 


).76;! 


l.716( 


t.7ai5 


1.7282 


).8))|; 


I.740U 


).818( 


1.7S13 


1.8311 


1.7628 




80 


XI 


7oaa 


7675 


716; 


7MI 


7884 




740i 


bib: 


7815 


8311 


762i 




81 


]» 


703] 


7r>T> 


716; 


78.it 




8021 


7404 


81Bl 


7Si; 


83S( 


7626 


6511 


n 


M 


7(M( 


76H; 


710( 


73.i; 


728^ 


802: 




8181 


751( 


ess: 


7081 


8514 


■n 


14 


7011! 


T68J 


7101, 


78St 


7200 


80J5 


7407 


8191 


7S3< 


BSSj 


7681 


ssn 


u 


M 




l.TOhl 


1.7171 


).78j! 


t.72!li 


).S02! 




t.810.; 












M 


704( 


TD9i. 




786i 


720J 


8031 


7411 














n 


7041 


709: 




7865 


7296 


803.; 


7413 


8201 












•*H 




im 




7861 


720* 


Hoa* 


7415 






S36( 








W 


7l)fil 


709! 


7170 


787 ( 


73(10 


8031 


7417 


8206 


7S21 


8361 


7038 


8531 


29 




J. TOSS 




I.7IH] 


).7HT; 


).730vi 


I.B04Z 


1.7410 


1.82.F!: 


».7.}31 


0.8371 




1.8531 




SI 










730< 


80i; 


7421 


8:;ll 


7S3i 


8371 


7641 








7051 


7To; 


71 « 


787! 


7300 




7423 


881! 


7535 


8371 


764! 


85311 






7061 


TTH 


718] 


788^ 


730P 


9051 


749j 






837! 


764; 






34 


7061 


7713 


71«9 


7885 


7310 


80SS 
O.BOai 


7427 
0.7420 


8811 


7S3! 


8381 


7641 


854! 


34 


Iti 


).70ft5 


).7TH 


1.7191 


).788: 


).73l^ 


1.BB22 


t.75iO 


1.8385 


1.7048 


1.8546 


311 




7711 


719! 


7891 


73M 


80S! 


743! 


8^2; 


7si; 


83Hf 


76SI 


854! 


30 


S7 




7721 


719; 


789! 




BOGI 




8^27 


7^4. 


83111 


7051 


855! 


37 


SH 




77a 


7191 


78W 




BOO: 


743-4 


8231 


7510 


830; 


765; 


85S4 


38 


3!» 
40 




7787 


7199 


789! 


7380 


8067 


7136 


823: 


734; 


8301 


7655 


8S61 


39 


KT07I 




I.7SU1 


t.790: 


1.7322 


).B07( 


1.7438 


>.B235 


1.7550 










41 




77 j; 




790. 


7324 


807! 


7410 


833 1 
















7731 




79o: 


7320 


807; 


7148 


8241 








8505 








778! 




7!11( 


732t 


807t 


7414 


824! 




S40l> 








H 








701i 


7330 


BOSl 


7416 


8811 


7S6; 


8401 


T661 




44 


4S 


1.7081 


).7745 


1.7211 




».7332 


I.BOB- 


1.7117 


0.821! 


).7SS9 


O.Sl'll 


P. 7660 


1.8573 


4K 


4n 


7081 


7741 


721-1 


701" 


7334 






B25: 


7S6I 


8413 


766! 


8371 


46 


47 


7001 


T7S< 


T2U 


7921 


7330 


BOS! 


7151 


B25; 


7561 


84i; 


7001 


857E 


47 


4H 


T09! 


T7S; 


72 1( 


798 


7»Sf 


B09! 




8251 


756; 


B48( 


7671 


8581 


48 


4a 


7005 


77 St 


7221 


7927 


7340 


B095 


7155 


886(j 


7561 


Slii 


7673 




40 




i.7oin 




1.7211 


1.7931 


l.784:i 




1.7457 


1.826: 




1.B1S5 


1.767; 








700! 






T93: 


7344 


8101 


743( 














Jta 






7226 


7935 


7345 


810: 


7401 


820) 


















782* 


r9S( 


7311 


8101 


746i 








7681 














7941 


7319 


8101 


7464 


887^ 




8431 


7682 


8591 


54 


S5 


B.7I0H 


).77T: 


>.723:j 


1.701' 


i.7sai 


J.Bll 


l.740t 


0.8871 


t.7577 


0.8431 


1.7683 


0.8599 
















716t 


8271 


767! 


841; 


76Hr 


8601 




S7 


7115 


777! 


list, 


791! 






7171 


8281 


75B1 


844. 


76S: 


S6O; 




SH 


71IJ 


778: 


783! 








7475 


828- 


758: 


814; 


76S! 


8601 




50 


71H 


7785 


7211 


705i 






7474 


82BT 


758, 


8451 


7601 


SOU 




«« 


71IS 


77W 


7242 


705h, 


7361 


B125 


7476 


889( 


7581 


8451 


7601 


HOI! 


00 




W.B. 


^-T 






*e. s. 


<^.T 




L-W- T 






^f.S. 




M. 








ai- 








*-"»"T iJUTA^CE. 











Uc 


ARIT 


IMS of the Apfarbxt D 


ISTAXtB. 








M. 


*PPABEJCTDIIT*!IM. 


M. 


a.p 




38" 


39^ 


40^ 


4IO 
















W.T 


Ldjr. s. 


L»s. T 




U'F-T 




>.7uua 
















It. BOB 1 






















7991 


90B( 


bob: 


0211 


817 


030. 




■it 




(toil 


7JUti 


8771 






799: 


908! 


B08- 


924: 


817; 


9S9i 


2 


H 


TOD] 




7Hni 




78U) 




799! 


990 


B081 


9211 


817- 


939! 


3 




JO'Jl 




7B01 
ll,78U3 


oTbjbi 


79UU 


SOS! 


7995 


909- 


B08I 


924 B 


8175 


940i 






).77ul 


i.Hli-Hi 


).b04 


I.79W 
















771>i 


tiOli 


7»0j 


b7b; 


700; 


B0|. 










8171 




'> 






H(>ai 


78U0 


87 U( 


7903 


89H 




910i: 




9261 












M3 


780t 


879; 


79Ut 


804! 


BUOl 


910. 


809: 


0331 






8 




770t 


Hli3-. 


7BI( 


87US 


790! 


896; 


800: 


910; 


809, 


920: 










11.7710 


0.b03l 




I1.87UJ 


1 7U10 


U.8954 


1.8004 


1,011! 


l.809( 


1,9201 


1,8181 


0.9417 


lu 




7711 


B6V. 






7011 


3Us; 


8000 


Olll 




0201 


8185 


042) 






771; 


sai 




880: 


7011 


BOS! 


BOUl 


0115 




030! 


bib; 


0422 


12 




771,-, 


BO 17 




8803 


7U1) 


800; 


BOOl 


0117 




0271 


BIB! 


942.- 


IS 


14 


7711) 


Hoai 


TBIB 




7nir 


8005 


BOlU 


9121 


BI02 


9274 


8190 


9427 


14 


1^1 


1.77lt 


J.SOSi 


1.782)1 




).79lt 


l.80Gi 


l.BOli 


t.avi: 


I.BIOS 


1.9271 


(.8101 


I. 0431 


IS 




772) 












BUI, 


913. 


8105 


927! 


819: 


943i 


10 




T!-i: 


8D3t 




881( 


7021 


897! 


801a 


9!2^ 


SlOO 


92!12 


819) 


0435 


17 




T.r. 


uum 




B8I» 


792S 


8075 


801i 


9111 


BIO! 


92a; 


8105 


043 b 


IN 


19 


lm 


sa»3 


7B3U 


8821 


7081 


B07J 


8018 


0133 


8109 


928? 


8107 


9449 


10 


W 


U7Ti: 


D -Hoaii 


I.7bi!B 


),882, 


t.702U 


1.89BI 


l.8D2< 


1.913;. 




I,028!> 


I.B10( 


J.9413 


39 


VI 


772h 


aoub 


7BSI 


8821 


792i 


89!J1 


8021 


013f 






8201 


0446 


21 


n 


7731 


son 


7B31 


8821 


702! 


BOB.-. 


Boa: 






020^ 


6301 


fl44t 


23 


»» 


773: 


SU71 


783; 


8831 


7031 


898! 


B02i 


«I4! 




929 i 


B3oa 


94511 


21 


2t 


7734 




7B3.i 


883- 


7032 


8991 


8020 


91 It 


8117 


9301 


8201 


9463 


24 




(.773; 


I.BU7b 




J.8H37 


t.703J 


U.BO03 


i.Boa; 


1,9148 


I.Bllo 


1.930: 


1.820(1 


1,9455 


35 




77S; 


ean'i 




8831 


7035 




8U2( 


OISI 


8121 


S3U5 


B207 


0458 


3)i 




773! 


B08J 




884: 




890! 


8031 


015! 


812! 


9S01 


BSQ) 


0100 


3) 




7741 


BUtti 


7811 


8845 


791f 


9001 


8032 


015b 


812i 


93U 


821 < 


9403 


38 


iiL 




80H11 




Bsn 


7040 


9()0; 


BU31 


0I5B 
0.0101 


8121 

• ,812.1 


9312 


8211 


0400 


30 
3(1 


).774, 


i.hu0:j 


1,7841 


l.bKSl 


) -94! 


t.9U0U 


I.OSIt 


1.8213 


).946p 


ai 


7741 


eoQ,} 


7H4( 


8851 




900! 




OIG; 


8127 


031! 


8214 


9471 


31 


3l! 


7741 




781(1 






91111 




Ollit. 


8121: 


0321 




947;i 


32 




771i 




7811: 


BBS^ 


7041 


9U1; 




Ollii 


813C 


032: 




0470 


33 


31 


7761 




7051 


B8D( 


7948 




801 i 


0171 


8131 


D325 




9471! 


34 


an 




}.H7Ua 


I.7HJ3 


i.sBo; 


(.7911 


l,001t 


i.Boi; 


1.9174 


1.819! 


1.932b 


l.B22)l 


1.9481 


m 




B70t 


7851 




7951 


U02I 


B04J 


0171 


813-1 


9331 


8221 


0483 


35 


n 


775( 


B71 


7830 




7U5! 


0021 


BOIli 


9171 


8130 


D33S 


823: 


94!«1 


37 






B7i: 


78Sf 


8871 


70j< 


0020 


8047 


918; 


8137 


0335 


B32, 


04BH 


38 


au 


77iy 




78JU 


8b7i 


79S0 


002!, 


BU40 


9184 


8139 


033b 


8323 


0401 


30 


411 


1.77(11 


1.B711 


1.7801 


).B87l 


).79i7 


1.9032 


1.8051 


1.918; 


1.8141 


1,0341 


I.B22; 






41 




872: 


7803 


887! 


795! 


003; 


B05i 


9181 




03i: 








l-f 




872. 


7aoi 


8881 


7001 


903; 


805! 


919; 


814! 


0341 




94911 




43 




8721 


78G( 


BB8. 


70U2 


0U4I 


8055 


919. 


8145 


U34b 


8231 






44 




872!. 


7B0I 


8BM( 


701»4 


901^ 


B05U 


9ig; 


81 40 


0361 


823! 


9501 


44 




l.77e[ 


J.aifli 


I.7B0!: 




1.7080 


1.904:. 


1.8051: 


).930l 


1.8148 


1,036! 


I.b23 


1.9500 


45 








7871 


889;i 


7905 


004b 




030: 


8141 


0360 


8235 


ysat 




47 


777! 


ST3; 


7872 


SBU. 


790!i 


0051 


80UI 


9205 


8151 


035b 


82S; 


9511 


47 


4H 


777-1 


8741 


7871 


bbd; 


7971 


005; 




9891 


815i 




8231 


9514 




41) 


7770 


B74i 




889t 






BWOI 


0211 


816! 


03O4 


8211: 


9510 


49 


6U 


).77r( 


).B7JS 


1.7877 


).B90l 


1.797J 


I.OOSi 


I.BOlili 




1.8166 


1.9301 


1.8241 


0.951!, 


50 


fil 


778( 


8747 


7871 


B!)0.i 


7975 


0001 


SOUi 


9215 


8161 


0301 




0621 




All 




B76I 


788( 


BBO; 


7970 


ooo; 


800! 


9211 


816E 


037: 




0631 








b75; 


7B81 


BO 11 


797! 


90IH, 


8071 


0221 


BI3! 


037 


8245 






AI 






7881 


801 B 


7979 


OOlif 


8072 


022! 


8101 


9371 


8247 


953!> 






y.T.ac 


l.875t; 




).80l.-. 


1.7081 


l.OOIl 


).807! 


0.0225 


1.810-.! 


0.0371 


1.824)1 


O.O.'^S:! 


s.-. 


fill 


778! 


B701 


7B8I 


BSib 


7082 


007: 


8071i 


0221 


816, 


0381 


824! 


9S3J 


5(1 


S7 


7791 


8-(i; 


78M 


8921 


798^ 


007U 


B07li 


02:11 


8166 




8251 




57 




7701 


8701 


7801 


892: 




007!i 


8071 














.Kl 


7701 


870! 


7802 


B9.i5 




00!«! 


807! 














UO 


7700 


8771 


789S 


BOS) 


7980 


0081 


SOnl 


023( 




9392 






00 




Mk.S, 


wr 


LOK-S. 


Loff. r 








U-g. r. 




U.f. T 


^E-S. 


r..r.i. 


M. 






" 


SB- 






. ^1° 


APPAJKNt U.iT.NfH. 





TABLE XVI. 


« 1 






LooARiTHMa of ihe Apparent Distakck. 








M. 


AprAHSsT Iilsr»l.ce. 


JVT 






IS'^ 


4 1" 


45" 


10- 


,.d 


u-e- s. 






l-ir- ■!■ 




I"ff. 1' 






w.s. 




-*.s. 






y.b-m 


).U54 


I.B3»t 






1.904' 


1.8JU5 


l.OOIH 






■ ,»04l 


1,0303 






S2St 


054; 


833t 




8411 


985 


81 U( 








8(M2 


0306 










82Jl 


0541 


834J 






985; 


8403 




B57S 






oaou 










&i5i 


05s; 


834a 


970 






8401 




















82fil 


055^ 


8343 


9707 


B.siaT' 


9B5b 


8501 


0011 


B57J 




awo 


0314 


T 






l.saia 


0.U55J 


).8343 


1.9701 


).080 


1.8501 


i.ooi; 


1.8575 


1.010-1 


1,8(H7 


1.031(1 






saoi 


058, 


8341 


071: 


842(i 


986. 


8502 


ooi; 


857J 


0103 


80 It 


OSlt 










88U: 


9561 






812] 


9861 


8501 


OOK 


857( 


01 01 


8651 


0S21 










BSix; 


05a. 




07t; 


812t 


9861 


8505 


0021 


857! 


017: 


8651 


0321 










BiUH 


aiGi 


83 5t 


0711 


84 2i 


9871 


8506 


0U83 


8380 


017) 


80,',s 


0S:«i 










y.saoi 




1.83S1 


i.m-a 


1.8131 




1.8S07 


1.0U25 


1,8562 




11.8053 


1.032U 










8271 


057:! 


83.1S 


972 


843! 


087< 


8S0! 


002t. 


8SBa 


0171 


805-1 


0331 










8*75 




835J 




813S 


0871 


85U 


O03( 


B58-I 


018: 


8655 


0331 










887! 


037; 


8353 


973! 


8135 


088! 


8511 




858,1 


0185 


805) 


033G 










8275 


0581 


83s; 




8436 


088, 


85tS 


0035 


8586 




805? 


0330 
r034i 


^ 






I.SSfCi 


l.OiK 


>.835H 


1.0733 


1.8437 


».0B»< 




1.0031 




1.0191 


1.8650 






8g71 


9585 


8351 


973; 


813! 


0M81 






858' 


oi'j; 




0341 










8271 


958) 




0711 


844 1 


089 




00 li. 


8591 


0101 




0117 










8SHI 


95* 




074; 


8111 






001., 


8501 


010; 




0S4!I 










8EHS 


950;i 


8S03 


0715 


8112 


0801 




0041- 


859S 


oaou 


8005 


0352 










».8iBi 


1.0503 


). 851)5 


).07i; 


1.811.) 


1.980! 


I.NSat 




1.8591 


i.oaiK 


I.8GGS 


1 .035) 


«o 








889; 


950S 


83li( 


9751 




OOU; 


8.121 


0051 


8505 


020j 


SCOf 


0351 


ai 








8BSG 


000( 


B3(!: 


0751 


8116 


090 


8S2j 


0051 


869t 


oao7 


8001 


0331 


12 








838i 


960! 


81G! 


07 Si 


ai4c 


0007 


8321 


0031 


8307 


uau 


860! 


0302 


VI 






?.s 


8980 




8)7U 


9757 


8119 


000! 


852.5 




8598 


oau 


8060 




ai 




1.8371 


).07l>< 




i.uyi: 


1.8520 


i.oog; 




1.0215 


1.8671 


1.030] 




in 






8373 






9HI, 




OOUl 




021; 


8671 


030! 














8ST-1 


0703 


8153 




852!i 


006S 




0221 




0375 














8ST5 






991! 


8530 


0071 


86d: 


oaan 




037) 








20 


8*05 


Ofill 


8377 


y77( 


B45S 


9021 


8531 


007! 


8001 


033.. 


867S 


0377 


20 






SO 


>.8107 






(.077! 


1.8J5J 


t.OOSi 


1.8532 


1.007) 


O.861H 


1.0*2^ 


J. 8671 


1 .0371 








)1 


83» 






077( 


8158 




8531 


007( 


boo; 


0231 


B07; 


OS81 








at 


830C 




8381 


077( 


8151 


902! 


8535 


0081 


800S 


023! 


807! 


038; 


32 






S3 


6301 


06-J^ 


Sin: 


0781 


8.10(1 


993; 


8536 


O08! 


800! 


023; 


8081 




33 






at 


830! 


9(13: 


B3N3 


0781 


8162 


903; 


8S37 


0081 


8610 


023( 


81181 


0300 








1.830) 


0.9633 


I.S38J 


).078a 


).B4t>3 


).UU3, 


l.f-Sai. 




1.8612 


i.uaii 


1I.BB81 


1. 03 OS 






Sfl 


8305 


9fi3l 


8386 


078( 




903! 


85411 


omii 


801; 


024! 


BG83 


0305 


36 






37 


830C 


Ofl38 


83HJ 


0701 




991: 




00!)! 


8GIJ 


021.1 




039j 


37 






3n 


BSO» 


9GII 


838! 


979; 




994, 




0001 


BBI5 






OlOli 


an 






39 


8300 


981^ 


830C 


970.1 


B4G& 


9047 


8.14-1 


O031 


Willi 


025 U 


8087 


0102 


39 






40 






).830l 




1.840t 


1.004! 




l.oiu] 


I.HUlt 


l.uaj; 




i.0105 








11 






830; 


98UI 


8171 


B951 








0255 


8081 


O40J 








IS 






830- 


980: 


8179 


0055 






8021 


0251 


BOUC 










■a 






8305 


98(1.'] 


8173 


9957 






8021 


0201 


8091 


0412 


43 






14 


83 If 


Ofiji 


8307 


9801 


BITS 


9061 


8.150 


0111 


8022 


0263 


8092 


0115 


44 




4i 


1.831/ 


1.00.11 


l.83Ub 


).U8H 


1.8176 




I.B351 


I.OII. 


1.862) 


1.0205 


1.8091 




15 






831! 


OGG 




98i: 






8551 


0111 


8625 


uaoh 




012(1 


40 








8321 


906 




9MU 


ai7h 




8552 


oil! 


8620 


oai: 


8D96 


0423 










83at 


96(il 


BIOS 


9ai( 


M18t 


9971 


8555 


012 


8627 


021 ; 


8691 


ni2s 


48 






.:5L 


8ias 
o-Tflm 


96& 


8103 
tt.84l»5 


9821 


H191 


0071 


S55( 


012 


8028 


0271 


8698 












1.9075 




i.oiat 


1.802! 


1 ,0271 


I.BOOl 


1.043C 






A1 


832t 




840(i 


9H2I 




9975 






8031 


0281 


8701 


043; 










B33; 




840- 


982' 




9081 






SU32 


028:1 


8701 


043i 


.12 








S3Sf 










0985 


8301 




SG3: 


0281 


8T0; 


0431 


,13 






54 


M30 


0881 


84IU 


083:l 


8187 


908S 


8562 


0136 


8U3I 


028P 


870 


O440 


S4 






.1.1 


t.BSSI 


).0S8 


>.8411 


i.ysst, 


t.81Bl 


*.998i 


>.B56i 


1.013! 


).81>35 




I.H7D.' 










Afi 


B33a 


9081 


8111 


98S( 


810( 


9901 


8S0i 


0141 




020: 




0445 








ST 


833: 


OfiMI 


841, 


9841 


8101 


9991 


B5fi< 


014' 


ao3( 


029< 




044t 








SH 


8335 


oeo 


8415 


98 li 


810; 




B5ei 


om; 




0298 


870( 










Sfl 


8331 


0611 


8 in 


9841 


810 




856( 


oil) 


8611 


030 


B7tl 


04.1! 


19 






60 


BSS8 


9897 


841b 


9818 


8.195 


l.OOOO 


8509 


01521 


8011 


0303 


871 1 


0451 


00 
M. 








-.«.8. 




....s. 


l.*.T 


^.s 




















iPl-ABENT DISTAKCB. 










^ 



48 


TABLE XVI. 




1 






LooAitiTUH^ of the Apparbkt Dktakcs. 










ArriHEHT PIITAKCE. 








M. 


^B^ 


4U° 


50° 


61^ 


52^ 


a 




M. 




Uv. 8. 




>e.s. 


IXHt. T 






Uog.S, 


'"*■ ''J 


[-r-s. 


l^.'l' 




>^.i 














1.070; 










1.1102) 


1.1221 
















981-1 


o;o- 






8001 


leir 




1231 


1 
















8845 


o7o; 






8001 


1071 


902j 


U:i.: 


2 
















8841, 


0771 






8008 


1UBI 


902» 


isr, 








_L 


S7I5 


OIUI 


878: 




8847 
1.8848 


077a 

i^ottS 


1.8910 


iTom 


BUOO 


10s; 


9027 


U3g 

L.121S 


-4- 








).B07( 


1.1085 


>.902t 














8841 


077; 


8011 


0031 


6971 


























0781 


801) 


00)4 


897J 


























07b; 


891 i 






100^ 




1261 










B721 


0471 




003 


88Si 


0785 


8014 


094 ( 


8074 


lOOi 














l.(M81 


I.87BU 


l.(Ki34 


t.BBsa 




I.8UIS 


1.004: 


i.sorc 


1.109* 


i.BOS! 


I.IHJS 








stk: 


0484 


B7D( 


0G3< 


88S-1 




8011 


004; 


897( 


no 




12St 










872: 




8791 




886S 




8911 


0041 


8071 


no; 


B03.^ 


laot 












041^1 


B70i 


OM: 


88S( 




801! 


0951 


807( 


noi 


903t 


1203 








M 


8721 


0491 


B70! 


064. 


8847 


07 9t 


8011 


0US3 


8979 


no* 


0037 


1200 
















1 oor 




1.08Ot 


>.8U2( 


I.OOSi 


J. 6984 




l.»03t 


I.I2G( 












0491 


87'J5 






08o: 


8021 


im> 


89b] 


IIK 


003! 


1271 














87M 






0801 


8021 


00G( 


8981 




















8701 






080h 


8112i 


ooc: 




111' 


9011 


1270 








"ST 




oao; 


8790 
lt.880U 


065; 


880! 


0811 


8021 


0005 


6984 


1121 


0041 


1270 












1.081] 


l.802f 


I.DDUt 


).89S5 


i.iift 


1.1)041 


L.liBi 


21) 










8S0I 






08K 


8021 


0971 


8086 


1127 


004! 


12N 


21 












8801 






081^ 


8021 


0071 


891^1 


1121 


B04J 


1281 


112 












880: 




8807 


082 : 




0971 


89H( 


1131 


M46 


128! 


23 






94 


6738 




8801 




8808 


0824 


8U20 


0976 


8089 


113l> 


9040 
1.9047 


1292 
1.1295 


t 






0.87SI 


I.OSIt 


).880i 


i.n<i7i 




1.082( 


iB-ai 


1.O08I 


I.BilOl 


1.113; 






874( 


052: 


B80( 


OG75 




0821 


8031 


098^ 


8<)01 




oa4t 


1297 


nil 








874 1 


osa 


8801 


007; 




0831 


893S 


098* 


BiWi 


n4: 


9041 


1301 


27 








874: 


0527 


8H0( 


0U8I 


887i 




8113; 


0981 






00 JO 


laus 








:iD 


87 JS 


0S2( 


8800 


088; 


8873 


0831 


8034 


0991 


8001 


114^ 


9051 


1305 


3" 










).88l( 


l,OG85 




1.0831 


).893i 




1.8005 


1,1151 


1.9062 


:.i30f 










8811 






084! 


eil3< 




B99G 


lis: 


0053 


1311 


31 












88 n 






084^ 


8931 


000< 


8007 


1155 


0054 


1313 


32 












881 -t 






0841 


81>3t 




BOOh 


115!-. 


9055 


ISIO 


» 






SI 


8741 


0&4: 


8815 






0811 


89311 


1004 


soot 


noi 


90SO 


1318 


34 






SK 


[».87»0 


1 .06 IS 


1.8810 


I.OOIW 


).8B79 


1.085! 


i,«im 


1.1001 


I.OOOt 


i.tiu; 




.1321 


3S 






H(l 


S7BI 


0541 




o;o( 


888( 




8941 


lOK 


0001 


IIU 






31. 






»7 


87 Si 


0S5( 










8942 


1011 




1181 




112( 














881! 






OHG( 




loi; 


0001 


117 




1321 










8753 




8820 


070i 




0802 


8914 


1017 


900S 


1174 


90OO 


1332 


Hi 






4I> 


).a7S( 


1 .oss; 


1.8821 


1.071: 


1.8884 




).894S 


t.iosi 


I.OOOJ 


1.1171 


1.9001 


..13^11 


40 






41 


8751 


Mm 


882K 


071: 


8886 






1021 


0005 


1171 


91)02 


1337 


41 






i-/ 


875( 


0561 


882! 


0711 


BBM7 




8041 


1026 


0001 


118: 


9003 


1 341 








IX 


875! 


05li£ 


888i 


0711 


88IHh 




804S 




9001 


n8< 


9004 


1142 


43 






n 


87C0 


OSOJ 


8825 


0721 


88 W9 


087S 


8010 


103U 


0008 


IIBJ 


UOCS 


1345 


44 








}.870l 




1.8821 


1.072; 


1 .BttW 


1.087t 


).805( 


i.t03: 


















870S 




882t 


07;j< 


8891 


0881 


8051 


103; 






9007 


1351 








47 


870; 


0575 


8821 


0721 


8802 


088: 


805! 


103b 




1105 












4H 


87 o; 


0S7( 


8831 


073 


8h03 


0885 


8053 


1041 




1101 


OOOG 










411 


8700 


0S8( 


8831 


0734 


8894 


08M( 


89S4 


1043 


001! 


1201 


0000 


136t< 


w 




JO 


).8701 


l.OSBi 


1.8831 


1.0731 




I.08DI 


J .SOilf 


1.104< 


J.9D14 


1.1203 


I.9U70 


1.1301 




AI 


876f 


0S8S 






889t 


080! 


S9il 


104t 




12o; 




1301 








AH 


8701 


OSb) 




074 


8807 


0801 


S057 


1031 




1208 


9071 


1306 


52 








877( 




8835 


074' 


880^ 


080) 


80511 


lOS, 


0011 


iai< 


907! 


IWl 








A4 


8771 


0503 


8831 


fl74( 


88O0 


OUOI 


8050 


19.H 


0018 


131! 


907 ■; 


1871 
t.l374 


64 




fiS 


t.8771 


1.051N 


1.8833 


1 .074! 


l.800( 




i.eyiii 


1.1051 


1.9011 


I.121( 


I.U0T5 




/W 


877! 


OS'J) 


8831^ 


07a: 


8001 


0001 


80(11 


10{il 


9U21 


lau 


9070 


1371 


Rlt 






157 




0001 




075. 


8002 


0001 


80(i5 


ior>4 


9021 


1221 


9071 


lS7t 


6T 






Brt 




oou; 










BOO! 


lOlil 


9021 


122.; 


907( 


1381 








611 




000( 










BOfil 


1 00! 


902! 


122( 


0071 


1385 


no 






<IU 


87 7B 


ooot 


8843 




890,'i 


0010 


80.15 


107s 


902? 


1221 


9081 




00 




M. 


^.s. 


[*.(!. T 








l*K-T 






I^.S. 




:x». s. 




M. 








■J 


51° 






61 




*^r■AllE^T uwwnce. 























TABLE XVI 


« 1 








LoBARiTiiMS of ihe AprAaesT Distasce. 






M. 


.PPAREBt HIS •*!.(!£. 






54" 


53" 


50= 


5i-' 


58° 


59° 




i^.T 












I-IB- T 


0.928 


L-'g. T 




»««. T 






l.UHl 


).9134 


1.IS18 


).918( 




l.923( 




1.2941 


1.9331 


1.3211 








ei>m 


isui 


9135 










18TI 


91!85 


2015 














IMHl 


1S9; 


013. 


i*.--.; 






!fflj. 




9281 


3041 


033: 












WHS 


1S9; 


DI3I 




918^ 






188; 


928; 


20.-, 


933: 










4- 


D0H3 


U9S 
1.1401 


Q13; 


1551 


!118ik 


171^1 


)n!3< 


18bU 


9287 


2053| 
1.2031 


9331 


22^1 


56 






l.iso: 


1.9190 


1.17«, 


>.91tlU 


1.188! 


1.9288 


1.033^ 


1.222? 










ho; 




15(i 


Hl<ll 


1)21 


U24I 


189 


9281 




9135 


222! 












140< 




I5u; 


DI9-, 


172! 


924:: 


180 


om 




9t3(. 


2231 












UU! 




1561 


Diu: 


1731 


981-.; 


189; 


9201 




933! 


2335 












141 




157a 


919; 


IT3; 


inn 


190( 


9201 


2067 


y33j 


2238 








ift 


a.waii 


1.141- 


I.UIJB 


1.157. 


1.9191 




I.1I2JI 


1.11.0; 


).9;292 


1.207! 


1.9338 


1.2211 










•«9r 


I4i: 


91j; 




BIOS 




92l.i 






807; 




2241 










9001 


141'. 


91 1; 


138 


91U0 




92-10 




929; 


2011 














OOUI 


142i 


9tl 




91 !t; 




924: 






2071 


934( 


225(1 








U 


WJ2 


142, 


9tW 




919n 


174f 


92-17 


1914 


U295 


1.20B4 


9341 


2231! 


46 






D.lWBi 


1.1421 




1.158) 






1.9248 


1.1911 


I.92IM 


».934^i|,22ia 






90U; 


U3( 


91 4t 


ISUI 


919f 


175. 


924! 


lot! 


929: 




91 1; 


2:;5i, 










WJ5 




9141 


IS3- 


saw 


175; 


«8-i( 


192: 


9298 




934; 


2V0I 










WI9< 


143.i 


914! 


ISW 


9201 


1751 


9851 


1925 


92!» 




934; 


2201 










00!K 


143! 


91.M 


last 


9201 


176; 


9251 


19» 


9291 




9345 


220, 


41 






-» 


0.B008 


1.1441 


1.9151 


l.ioua 


t.920S 




).9262 


i.imc 


1.9100 


i.aoof 


(.9340 


1 .22711 








>l 


go9( 


14i: 


913) 


ISO 






985S 


193: 


9101 


2101 


9)40 


2373 








US 


9IM 


1441 


HIS! 




i»2tlJ 




»S.tJ 


1031 


9301 


210 




2273 








n 


01 01 


144! 


1.1.1^ 






177; 




1031 


910: 


2io; 


934) 


2278 








M 


OlOI 


145] 




lOh 


iteoc 


177( 




1911 


930; 


2111 


9149 


2281 








U 


t.aim 


1.1451 


l.Blsi 


I.16IS 


I.B201 


1 .177, 


1.0256 


1.194.1 


l.MOi 


1.211! 


».9341 










KH 


om 


146; 


915( 


1011 


OKOt 


178; 


9237 


194: 


9305 




9S.-.( 


2287 








W 


OlOi 


14S! 


9isr 


162 


920! 


178- 


92.58 


195. 


9S05 


811} 


9351 


2200 








im 


D1U5 


14G: 


9ISt 


102: 


92(1! 


178; 


923! 


los: 


9101 


212 


9352 


22113 








•u 


91 01 


UK 


915! 


102( 


921(1 


178! 


92S!I 


195.^ 


930: 




9352 


220(1 
1.229H 


31 












1.102! 




L.179i 


).92U0 


1.IB5( 


>.930> 


1.212; 


P. 1135! 




SI 


9ia( 


14T< 


91GI 


103 


021) 




9201 


1961 


910) 


313< 




23U1 








IS 


oiot 


14T: 


9iea 


103. 


921; 


1T9I 


9202 


196- 


930! 


2131 


9355 










» 


SIK 


1473 






9214 


mm 


92m 


196< 


9111 


2l;>] 












S4 


IIIK 


1471 


910! 




9211 


i«Oi 


9201 


1961 


BBll 


213t 


9350 


23in 


an 






»s 


j.uin 


1.148; 


I.BIW 


1 164: 


l.i«l( 


1.1801 


>mM 


1.1971 


).931l 


1.214 


1.9357 


1.2311 








SH 


9111 


148: 


9103 


164i 


9*1( 




fftO-'i 


1975 


9312 


214. 


915) 


331G 










9113 


1481 


9100 


104> 


921, 


181 


920( 


197* 


93i: 


214; 


935) 


23 1< 








IM 


911^ 


148! 


9105 


105! 


9Blt 




9gor 


1981 


93H 


2151 


935! 


2122 










91 IS 




91 Ot 


16i: 


92111 


1817 


920t 


■98: 


9315 


215) 


93a 


2325 


21 






40 




L.1494 






I.U2I1J 


1.1«2( 




1.198! 


).9!I5 


1.2155 


1.9101 


1.2327 








41 




14»; 






9221 


181!; 


920i 


198! 


9111 


215F 


9301 


233! 


in 






4i 


911!: 


14y< 




lIMil 


0221 


182: 


9271. 




031: 


2101 


9301 


213; 


1H 






41 


»II1 


ISO: 




im. 


9221 


182' 






931) 




930; 


3S3( 








44 


9in 


ISOS 




1067 


9223 


183 1 






9318 


2107 


9SOI 


33311 


10 






M 


J.fltai 




).9l7! 








1.9271 


1.2001 


1.9111 


1.216! 


).930J 


1.2311 










Blil 


ISK 


917- 


1671 






9273 


boo: 


9^21 


2171 


936,> 












m-i 




91J5 


1875 




1831 


9171 


2001 


9321 


2175 


930! 


231( 














91 75 


1077 


9220 


IB4; 


9275 


200F 


932) 


817) 


930i 


235! 








"so" 


912-1 


171821 


9170 


1081 


9227 


IM 


9275 


2011 


9322 


8181 


0367 


2151 






).9ia 


1.9171 


1.108: 


I.U22t 


i.iBj; 


I.9W0 


1.30K 


1.932: 


1.218- 


).930) 


1.2151 






ftl 


91« 


1S2- 


9171 


1084 


B22( 


l«5( 


9271 


201: 


9321 


218: 




2351 








fj 


0123 


isai 


9171 


168! 


9221 


16a: 


927t 


2021 


932; 


2181 




210! 










9125 


1S21 


91 S( 


KHJI 


9231 


185! 


95(7! 


9021 


93af 


219: 




2305 








»4 


9188 


163: 


91hl 


III9, 


92SI 
9.9232 


1851 


9279 


2031 


9S2< 


319; 




3S6C 






&6 


i.Kim 


I.1S3. 


).91UI 




1.180 




1.2021 




1.2191 


1.9372 


1.2371 






firt 


gi3t 


iss: 


918) 


109! 


923! 


180 




















fi7 


9131 


IS4I 


918i 


ITO; 


983; 


i8o; 


92H1 


303. 
















fiH 


9131 


1S4S 


918-1 


IJO; 


923.1 


1801 




















AH 


913: 


154; 


9181 


no: 




1871 


928; 


















CM 


9134 


15H 


9180 


1710 


9230 


'«'* 


9284 


204: 


9331 


22i; 


9375 


2SHt 








W-H- 


W.T 


^.B. 


..-^.T 


\Aie.e. 


U^.T 


L^.». 




^.a. 




^r.i. 




M. 


















»PP*K£I.T WSTiNCe 







so TABLE XVI 




1 




LooAaiTiiMS of the Apparritt Diitakce. 






M. 


APFtRCT DIBTIKCE. 








01" 


(Kl^ 


03" 


04" 




t«,. H. L.«. T 




L.,..T 






u,e. T 




J^'jT^ 










I.041B 


1.2SU: 


>.D4.>I; 


1.274; 


(.94 IW 


i.ao2( 




1.057! 


1.3313 








03Tfi| 238! 




25Q.i 


Met 


2711 


OIIK 


201 


















0421 


250) 


9461 


274! 


05 lie 


2035 






















0I3C 


3ST1 


046] 


3751 


0801 


203r 


















BST» 






257^ 


0401 


2755 


9501 


291 










66 








1.9371 


I.MOI 


I.IM22 


I.IWTI 


1.0403 


1.3781 


>.980;i 


1.2044 


1.9541 


t.313J 


t.08;6 


1.3330 










938( 


no: 


042! 


aaai 


04C! 








954( 


3131 


9S7t 


383:i 


84 








fl3B( 


8401 


0423 


•Jin: 


946J 


27&i 


9503 


2951 


0.54) 


3141 




3336 


83 


















376) 


9504 




954; 


3144 




1316 








~ 


sta: 


241! 


9421 


2581 


9405 


377 1 


9505 


2957 


9543 
>.954; 


1147 




»43 


&l 






1 nv. 


1.0426 


t.250l 


l-MM 


L2T7- 


I.950S 


1 .2U0( 


1.3151 


I.057S 


1 .3340 


10 




II 




24 U 


942C 


2595 


9401 


3777 


0500 


290! 








3350 


4» 










212! 


9427 


15Bh 


9401 


278( 


oatM 


2961 








3353 


4H 






13 


aiBs 


242. 


942; 


3001 


046t 


37h: 


0501 


2901 


0545 


31f,( 


9SB( 


3386 


47 








OIH! 


242; 


942B 


2004 


046B 


S7« 


9S08 


2971 


0815 




[1.95h2 


3360 
1.3363 


46 
46 






0.&3HC 


1.2421 


1,9421 


1.3001 




1.2781 


l.95Ut 


1.297; 


t.954i 


1.310C 










0121 






270: 


03M 


2071 


06« 


3171 




33a<i 














9I3( 


SOK 


047! 


27B;, 


0510 


2081 


9541 


517! 


0683 


3370 














9131 


aoK 


0471 


27ns 


951(1 


2085 


954( 


3170 


0583 


3373 








lU 


93B[ 




9431 


2011 


0472 


2801 


9511 


2081 


9518 


317( 


0584 


8376 

I.338U 


41 




ao 




1.244. 


1.04»: 


l.202i 


1.9473 


1.280 




1.2001 


).05tl 


1.318! 






SI 


osm 


244^ 


013: 


2835 


0173 


280r 




290i 






0585 


33S3 


89 






n 


1(391 


24.^1 


043: 


a02( 


0474 


281! 




20U; 


0551 








38 






» 


ASM 


24S: 


943< 


2031 


0475 


281 




3001 


055) 




9580 


3390 


37 






M 


0309 


2451 


9435 


2834 




2817 


0511 


8004 


0551 


3I!H 


9687 


3393 
1.3390 


30 




ii.> 


).03U3 




).943l 


1.3631 


I.g47( 


1.2H2( 


1.9.518 


1.31101 


).95j: 


1.310! 


1.9681 




w 






9131 


3&1( 


9471 


28a: 


051.', 


SOU 


955: 


320i 


968» 










IfT 




24U& 


943^ 


304! 


9471 


2831 


081 1 


loi: 


055: 


32US 


958( 


34U3 








VH 




340) 


043) 


304( 


047f 


3821 


081T 


sou 


065< 


S20« 




84UO 








30 




S4TI 


U43)» 


3641 


047a 


2»3l 


0817 


son 


0354 


3212 


9600 


3410 
1.3413 


11 




i.Baa: 


1.247- 


l.»43f 


1.26S1 


).047l 


1.3835 


I.05II: 


1.3021 


1.9555 




1.9591 




11 


9J» 


247; 


0441: 


365< 


94 8( 


2H3) 


05l< 


3021 


9555 


32lt 


9691 


3416 


30 






3V 


gjot 


2471 




aosf 




381! 


9511 


303t 


9551 


322-. 


9591 


3426 


28 








BSD! 


a4><^ 




2601 


D4H1 


394: 




303: 


085! 


3325 


95y. 


3423 


37 






31 


B40( 


■MM 


9442 


266i 


94 8i 


284! 


9520 


303; 


0857 


332): 


B593 


3426 


36 






3.1 




i.a4Hti 


i.UII! 


1.2(kii 


1.948! 


1.285, 


1.9821 


1.303t 


1.0S8t 


1.3231 


I.OiB! 


1.3430 








311 




2401 


0113 


26T( 


94h! 




I»22 


304! 


088) 


3335 


B8BI 


3433 








«T 


fna: 


24» 


0441 


207! 


941^4 




9S2i 


3045 


9551 


333) 


9591 


1430 








8H 


040: 


24o; 


0441 


2071 








»04( 


0561 


3241 


9*95 


3110 








BU 


B40! 


2S0I 




36S( 


94)i.'i 


2863 




3051 


9560 


1244 


9595 


3113 








40 




1 fl.-.O'l 


I.B4lt 


i.3eci: 


l.94)« 


1.2861 


1.0521 


1.305; 


).05U! 


1.334)- 


i.gsuG 










41 


940.^ 


2S0I 


B447 


20fl( 


94B( 


2861 


0325 


som 


0561 


3251 


9501 












94 0( 


2901 


0147 


30»1 


9181 


387: 


052.-, 


3061 


956! 


3254 


9601 










4» 


atoc. 


asii 


B44t 


3ew 


948* 


2876 


D82f 


BOO: 


956; 


8351 


959* 










44 
4fi 


9JD7 


261$ 


BI4H 


3605 


9488 


3871 


0827 


3007 


9B03 


3301 


95B8 


3I6D 


10 




1.9401 


1.2511 


1.0441: 






1 .288: 


1.0521 




1.986; 


1.330; 


1.9591 


1.3463 






4(1 


940* 


3i2: 




2701 


9404 


3SB: 




307! 


95 u; 


3261 


959t 


3467 








47 


9*0! 


asa. 




270- 


B40< 


288f 






9505 


3371 


9601 


317IJ 


It 






4H 


Q1I( 




0451 


2701 


9401 


2801 


952! 


3081 


950( 


3274 


961)1 


3173 


12 








0110 


■ii3l 


9452 


2711 


04112 


2894 


0830 


308; 


9500 


T^mi 


9601 


8177 
r.3l80 






»n 


).0111 


1.253: 


).0453 


1.371: 


1.949; 


l.28!n 


l.953[ 


l.30W( 


1.0507 


t.06U2 




Gl 


0415 


2.^31 




2711 


940; 


290( 


053 1 


308! 


0667 


328. 


960^ 


1481 








fia 


on; 


2J31 


045J 


3711 


949 


390i 


083J 


boo: 




338! 


900! 


S1H7 










941; 


2.14: 


D4.s: 


373; 


949/ 


2001 


953i 


3001 




3201 


060! 


3491, 








^ 


94 U 
U.04I.- 




9455 


8728 


9495 


20H 








3201 


0604 


3lli: 


B 




1.2541 


I.B45( 


1.2731 


1.0491 


L20i; 


1.9.53; 


1.310J 


1.9571 


1.339! 


1.900. 








S(l 


041S 


285; 


0451 


273! 


IMOi 


SDK 


953; 


3105 


087< 














IT 


0411 


215. 


0451 


373. 


0491 




9535 


310! 


957! 


33o: 












KM 


114 M 


255; 


»45( 


2T3; 






9.-i3o 


3112 


067; 


33o; 












ftlt 


04i; 


2501 


9451 


2741 




3928 


9531 


311: 


067' 




9G0: 










uo 


04IH 


25C2 




3743 




21)3n 




31. ^ 


9573 


33i;i 


06o; 




M. 






Us- 8. 


i*r. T 






UOR, S, 






U*.T 








.."..T 






1 




116" 






i 4" 


AF PA BINT DUTANOB. 









TABLE XVI 




. 1 






Logarithms cr the Apparent Distance. 








M. 


^"*""-"— ■ 






66^ 


67^ 


OB" 


00" 


70^ 


„0 


..,.8. 




.>«.8. 


^.r 














^«.8. 











I.!l04< 


1.3721 






).o7o; 








1.0751 


1.4031 


Ii« 




1 






004] 




0071 




9702 


4101 










511 






V 










0073 


394; 


O701 


4104 








4G3r 


58 












96 li 


373: 




394; 


O70! 




0731 




975! 




57 








QQIO 


ssat 


9042 


373! 


9670 


395t 


0703 


417! 


9732 




9758 


4647 


56 






I.BfiK 


1.353 


1.964! 


1.373! 


I.U07-1 


1.3U5. 


1.070^ 


1.4177 


1,0731 


1. 4101 


1.9751 


1.4051 








oei! 


3S3a 


964! 


374i 


D075 


395t 




4181 


073! 


4411 


975! 


4055 










9611 


S53I 


964i 


374! 


007; 


3961 


970f 


418! 


o;s; 


441; 


9761 


405! 










9612 


354 


9645 


3751 


9670 


3965 


0705 


41h! 


073^ 


4421 


9761 


400! 










96IJ 


■545 




37.^; 


9070 


390! 


9706 


4101 


973,1 


4125 


9761 










III 


D.0613 


1.354t 


1.9041 


1.3757 


1.007; 


1.3U72 


».0706 


1 4100 


1.0734 


1.442! 


1.9701 


1.4071 










D6I: 


3552 


0040 


3701 


9075 


3071 


07d; 


420! 


0735 


443: 


9761 


4070 










SGI. 


3555 


9041 


370 


0G7t 


3981 


07o; 


429- 


9735 


443; 


0702 


40M! 










9GI5 


35S( 


964; 


370; 


!)fi7t 


39H: 


079! 


42DB 


9730 


444 


970: 


408-1 








-jf 


Ofil5 


3501 


964H 


3771 


007! 


3087 




4211 


9730 


444i 


9703 


408h 


40 




).9Glb 


1.3505 




1.377- 


1.01,7! 


1.9701 


1.421.'. 


1.0737 


1.444! 


1.076! 


1.4691 








DGIC 


350! 










9701 


421! 


073; 








41 










357S 


901! 








9711 


4221 


9738 






470! 


13 












9651 


ST85 






0711 




9738 




970; 


4705 










m\b 


B57!> 


965U 


37B! 


008! 


1.40iJiJ 


0711 


423! 


9781 


4405 


0765 


4709 
1.4713 


41 






).9G1) 


1.35HS 


1.9651 


1.370! 


1.00^2 


).9J1I 


1 4931 


1.073! 


1.4401 


1.9766 






90H 


35S( 


9651 


3701 


0082 


4oi; 




423!^ 


9731 


447: 


9766 


4717 


30 








9G2I 


358! 


9651 


370! 


9081 


4011 




4241 


074! 


4471 


9700 


4721 


38 








»OSI 


350! 


965! 


380; 


008; 


402( 




421! 


974( 


44 HI 


O701 


4726 








"as* 


9Q3I 


359( 


9653 


3800 
I.3HI0 


908^ 


4021 


0713 


425! 


9741 


448-1 


0707 


4730 


30 




I.30OU 


D.965. 


I.!I08^ 


1.402t 


1.071.; 


1.4253 


11.9741 


1.4188 


I.D707 




!»5 










965: 




D085 




071( 




97 4S 


440! 


mot 


473t 














90S5 






4D35 


Oil; 




97 4i 




070! 


4742 














9655 




9081 


403! 


0715 




974J 


450! 


9T(i! 


4740 








•ti> 

so 


0G33 
n."0624 


361^ 


9656 




008( 


404S 


0715 


420! 


9743 




07(1! 


47.'i1 


31 




I.3GI1 




1 .382' 


1.U085 


l.404( 


).07U 


1,4273 


1,974! 


1.4501 


1.07!! 


1.4755 




81 


9625 


362( 




383; 


968; 


4051 




427f 


074J 


451; 


0771 


4751 








su 


902S 


3021 




3835 




4051 


0717 


428! 


074J 


4ii; 




470! 








n 


96^6 


3021 


OOSl 


3831 


908f 


405; 


0711 


428J 


974S 


452 


0771 


47o; 








3-1 


9021. 
0.91187 


303 


0O58 


184! 


9089 


4001 


0718 


4288 


9745 


4525 


0771 


4772 

1.4776 


26 




I.3G3I 


I.90SI 


1.384! 


l.908< 


1 .4065 


1.9711 


1 .4202 


1,074! 


1.462! 


1.977! 






BBS! 


3G3t 


005! 




9Gg( 


406h 


971! 


4291 


0741 


453! 


977! 


4781 










002! 


3611 


9061 




969( 


4072 


971! 


4391 


974; 


453; 


977! 


47MJ 














9061 


385! 


909! 


4071 


972( 




974; 


4641 


977! 


47S! 








TtT 


002! 


3B4f 


0001 


3800 


9001 


407! 


9720 


4307 
1.4311 


0T47 
[1.0748 


4545 


9773 


47!i; 






).901!! 


1.30.M 


I.UiOl 


1.380 


1.9002 






1.J5I! 


1.977. 


1,4701 






41 


0031 


3055 


0661 


sao; 


900;( 






4315 


0741 


465! 


ofts 


480 1 








42 


9031 


30SI 


9661 


387' 


!)09! 






4311 


974! 


4651 


4805 








4S 


9631 


30O1 


066: 


3»7. 


9C9i 


409- 




432! 


074! 


450: 


9775 


4811 








44 


963a 


306( 


0663 


3tl7( 


0604 


4098 


9722 


432! 






9775 


4814 








1.300! 


I.906-, 


i.im 


I.96UI 


1.410! 


1.972; 






[.4661 


l.077( 










iigb; 




060. 


SHSi 


0005 


4101 


072! 


4335 


07S1 


457: 


0770 










4T 


093 i 


307! 


060.- 


388! 


OflOS 


410! 


972- 


4338 


0751 


467; 


9771 


4821 








4K 


OSS': 


307! 


0005 


38!): 


9691 


411: 


972< 


434i 


9751 


45B; 


9771 


483! 








411 


9631 


36S: 


9000 


38<)( 


9690 


4117 


07!i5 




0752 


4685 


977H 


4836 








t(l 


).963S 


1.3G1S( 


>,90(>1 


1.39(11 


1.9691 




1.0725 


1.436! 


I.075S 


1.468! 


l.977( 


1,483! 








41 


963S 


SOW 




390; 


0003 


412^ 


072( 


435. 


975! 


460! 




484( 








l-i 


oo:if 


son; 




3907 




41 2r 


972! 


4351 


9753 




977i 


484! 










00S6 


369; 


DOtib 




069^ 


41 3i 


972; 


430: 


97S] 


460: 


977! 


48,52 








bt 




370( 


900! 


^914 


9000 


4130 


9727 


436( 


9754 




9781 


4857 






5S 


I.OflSB 


i.a7Ui 


I.OOli! 


1.391h 


1.0091 


1.4131 


l.972t 


1.4371 


1,9755 


1.401! 


1.978! 


1.4861 






5o 


9fl3( 


370; 


0O7< 


S021 


070! 


414! 


mm 


437- 


0755 


461. 


9781 


4805 








n? 


963f 


371 


007! 


3925 


070! 


414; 




4371 


9765 


461) 


9781 


480! 








0» 


063!) 
0040 


8711 
37lh 


9071 

0071 


3921 
393i 


9701 
9701 


4161 
U5A 


9720 


4381 
4385 


97S0 
9760 


402! 
4020 


0781 


4871 
4H78 








60 


9041) 


3T.il 


0072 


303G 


9702 


4I5( 




438!; 


9757 


4031 


078a 


4B8a 











L.*. T 


^g.s. 


Log. T 




^K.T. 






^F-s 






>,^.T. 


M. 






1 !-> 


10" 






108" 


^l-PAllENtDHT.NCF.. 





















Lm 


ARIT 


IMS u( the A 


PPA« 


sntD 


IBTAM 


CE. 








M. 


.PP»KE(.T DlStAhCt 




IP 


7" 


7 1- 


75° 


70- 


770 


U>K.8. 


^.T 


-,.S. 


W.T 




l-E. T 






-«■.*- 


U*.T 








}.9m 


i.4«b; 


i.usut 


1.514; 


.ma 






























G43< 


9851 


S72.i 






988f 




69 














5433 


9851 


673! 


9B7( 


Goi; 




637t 


SH 








9807 




irn-c. 


543! 


9851 




9B7( 


soil 


9888 




B7 




tt7S4 


4IHW 


'JMII7 


sia> 


0830 


S44I 


98.SI 


574! 


9870 


G06J 


9S88 


6389 
1.0395 


56 












1.0831 


1.644! 


1.9851 




>.'ja7i 


1.606! 


1.3881 








UnOt 


517- 


0831 


S45: 


9851 


6751 




6006 


988! 


6401 


64 








9(M« 


ai7t 


0831 


645! 


985i 


5755 


9871 


0071 


988! 


oio; 












518: 


0831 


540: 


9861 


5781 






'J89( 




62 








0809 


5187 


9832 


546* 


9852 


5705 






9890 

>.9890 


1.0424 


ftl 

S4t 


















1.5771 


).9872 






9Jfl1 


4931 


a8i( 


£lu; 


9831 






5775 


9872 


0091 


9a!K 


6431 


49 












0H3! 






67a( 


9B7! 




0891 


043( 


18 










fiaw 


flNRS 






678! 


987; 




9801 


6441 


47 


14 


97W 


4U4;i 


0811 


5311 


9833 


5492 


986- 


57!* I 
1.5790 


0873 


0108 


0891 


644^ 


40 




D.UTHH 


1 .4947 


I.98IS 


l.52l.'> 


).9H31 


1,6497 


I.986J 


1.9874 


1.01 11 


1.0891 


1.0154 






OTH! 


49i: 


081^ 


5iU 




5501 


986; 


580! 






9891 




44 




07H! 


43.-.1 


9811! 


522- 


9Ba.j 


G50: 


9856 


580t 






98!n 








97B'. 


49U 


981^ 


5:t2'. 


983i 


6Si; 


9856 


581! 






9891 






10 


O700 


40fl.> 


UHI3 


&tii 


083r. 


66 1( 


9850 


68U 


!t87S 


OI3h 
1.0141 


91i9S 


6477 


41 


W 


).a7a( 




\.-MU 


I.Sil- 


).U83. 


I.5S2I 


).9ajG 


1.5821! 


I.987I 


1.989! 


I.64BJ 


40 


»l 




4'j;: 


9811 


6il; 




S52t 


9(U0 


6821 


9871 


614; 


9a<n 




39 


•n 


















9871: 


615; 


9894 


6195 


38 












983i 








987t 


GI5I 


0991 




.17 


at 


O701 




081fi 


fi3M 


9837 






iHi-i 


987U 


010: 


9894 


6607 


36 




).07!W 


I.JWl 


I.U8I,-. 




(.9835 




1.0668 


l.584i 


1.9811 




l.9-t94 


.6613 






070! 




98l( 






6Sil 


imt 


586: 






9(>95 








970; 


SDOI 


yhit 




9B3^ 




08.) » 


586!^ 




C18I 


9893 








OJO! 




IWI7 




■9.*lH 




MS! 


586; 






9895 






Alt 


97114 
D.U7U4 


1.6«1S 


0«17 




9«3!. 




986! 


686t 




6191 


9890 
1.9890 




SO 


I.9H17 


1.5284 




I.5.W1. 


l.985iJ 


1.587! 


l.987t 


1.6191 


1.654;! 


»i 




50r 


9»ll 


sm. 




557i 


980! 


687! 


9B7t 


620; 


9890 


6S1S 


2» 


»-j 


9711.'^ 


502:; 




sm; 




5SW1 


930! 




987! 


620! 


9B9li 


6554 


28 


n 




ioai 


D81) 


i30> 




SS8.i 


9801 




9871 


Oil: 


9897 


650C 


21 


34 


01 M 


SMI 


OHIO 


6S03 


0H40 


569t 


9801 


6801 


9880 


621! 


9897 


6506 


26 








1.981!; 




).9S4] 




).9&01 


l.6B0t 


1.9881 


1.022 


1,9897 




25 




iff 03 




982( 


fill: 




5C4)I 


9801 


600.1 


988( 


6231 


9897 




24 




070: 




983C 




il»H-i 




9801 


69K 


08B( 


6231 


980!! 




a 




mm 


SIM) 


9821 








9801 


&91.i 


0881 


624 


9891- 


0591 


22 


■M 


mm 


&U5a 


9821 


5121 


9812 


.5G1J 


WSOl 


5921 


0881 


cim: 


9808 


0597 


2t 


IV 


i.inut 


LfOi7 


1.9821 


1.5331 


i,w»i; 


l.6«ilt 


».980i 


1.5921: 


1.9881 


l.02.'il 


l.98!K 


i.eoos 


20 


41 




6«0 


9Hai 


S».'> 


Bw; 


562 


9803 


6931 


9881 




9895 


GOOI 


19 


4J 


07IK 


«»» 


mm 


531( 


981! 


6021 


9S03 


693{ 


9881 


(m:- 


9801 


6615 


18 


4.1 


9I« 


«07( 




SSli 


SHill 


6B3. 


98&1 


6941! 


9881 


0201 


fl80!i 


0021 




14 


wtni 


697; 


US23 


ft3.^t 


9811 


6031 


986) 


5947 


9883 


027; 


9900 


8627 




D.IMIH) 
















1.9883 


I.G28: 


1.990« 


1.41633 




4fl 


IMO) 












980.^ 


595^ 


988^ 


62S. 


9tN)(l 


















566^ 




590: 


9883 


629; 


9D0t 








9801 








mir, 






5U0h 


9881 


0291 








ID 


9tl0-2 




9824 


537! 


981« 


5601 


9800 


5973 


9884 


030!) 


9901 


1.6684 


—• 


id 


t.mn 


LA nil 


I.9B2S 


I.a37c 


i.OBlli 


1.5601 


l.OSOO 


1.697t 


I.088J 


1.630! 


1.9901 


i' 


m)-i 


SKII 


9U-i5 


l>3W 


9H-1( 


567.! 


980!i 


693) 


9SSS 


031.i 


990a 


66711 




.>1l 


9>S0i 


811 


982li 


SSHi 


9iil 


567! 


9807 




9886 




9902 


607(i 




.'il 


9(<o; 


Sll,-, 


W2a 


63'-'; 


9845 


568 


9807 


699.1 


9»N5 


0321 


990 1: 


6681 




SJ 


OHO! 


SI2< 


OSliU 


5301 


0841 


56f<l 


0807 


oaiH 


9885 


03 »1 


9902 
».9903 


0689 






t.iWOj 


I.&IJ4 


I.Mjl 


I.54U1 


i.WMS 


1.6091 


t.9tt«r 


1.CU05 


1.9881 


1.633t 


.669^ 






WH)^ 
















B88( 


631; 






















fl-W 




9880 


631! 










iwo; 














602:1 


9881 


6355 
















5121 


984! 




980L 




SS83 


636 








ou 


9600 








9H4! 




WMll 




9887 


030f 














■^:-^ 


-^^' 




Ld-. T 




-*.T 




^..T 




*r(. T. 


M. 

L 


107° 


1 


1 5 


M-^ 




1.2" 


.PCAftEtiri.isTA'.eB. 







TABLE XVI. 53 1 








LooiKi-TUMS of the Appareut Di^tahck 






M. 


APPABEnlDlSTANM. 


on 




7«^ 




SO^ 


Bl" 






[.1^, S. 




,.,. H. 


1-«.T 


x.^.a. 






i^K- r 


}.'0ftiB 






I. 0100 








).99l[ 


1.71U 


1.MM4 


L7B3J 


).«W40 


1.800: 


l.tljJl 


I.OOiH. 










992( 


7iai 


UUSl 


7S4- 


9011 












SO 






3 


tKIO.i 


tu) 


0920 
9920 


712T 
7134 


0034 
0034 


TSi2 

755t 


0017 
9917 


»01i 

)W27 


995 ft 

99,-.a 


U4l 


0008 
9908 


0129 
0140 


57 








iKWi 




9«i( 


7141 


9934 


750( 


0-J17 


B03I 






UToEua 




SO 




n 


0.B9J* 


1.575(1 


).99al 


1.714; 


i.ouaa 




).094) 


I.KOI- 


».09JB 


I.85& 


i.Olfi: 




r. 


99W 


6J6: 


ttiai 




0035 




tKli: 


H05l 


995! 


8i;i 




01 j; 
















TI6 


0033 


758! 


UOl! 


OIH>( 


9951 






Olh: 


















O0S5 


759[ 


out! 


800! 


905! 


8j0( 




010: 










SOOI 


era! 


9!K1 




0930 


7601 
1.7(jll 


09 la 

a. 994a 


8077 
1 .«0B.> 


0959 


800; 


000! 


0-^Ot 


TT 








1.0932 


I.71H 


1.9930 


1.9951 


i.aoii 


I.OOOl 


1.021' 










0<J21 


718* 




7611 




800, 


0051 


a62J 


OOOi 


0325 


49 










6H0I 


0021 


71 Oj 




7GH 


3911 


81 Hi 


OOM 




9961 


9X3( 


4H 










AblOi 


00:i! 


780; 




7133 


90H 


81 H 


OUOl 


ani; 


9901 


934( 


47 






14 




SHU 


iWJ3 


7aoi 


9037 


76i\ 


U94L 


811! 


0000 


8651 


9070 


925J 


-10 






ti 


O.BWK 


l.fiBll 


t.90d: 


i.7au 


I.OUl] 


1.764i 


t.iUM 




k.OOOt 


I. son: 


1.U971 


l.oaflh 


45 
















91.37 


7(3j; 






aooi 


807 






















903] 


7G6 


9051 






868 


9il7[ 


«2U( 


















99:1J 


7(i,! 


09.>( 


8151 


00(il 


8691 




03dl 








19 


BM9 


6H15 

1 .oa-.i 


Ollil 

).uoa4 


72i; 

I.1115I 


003S 
!t.903^ 


7(i7U 
I.76a7 


0950 

).9o>a 


JllUl 


ttBUl 


U70( 


I.9U7I 


011:1 


41 
40 




I.MUl 


1.8701 






90l( 


OWf 


0112.' 


72>; 




76Ui 


09>1 


8l7t 


9«K1I 


8711 




933; 








« 


901( 


6S<;: 


!(U2i 


7a6 


003: 


770! 


00.-. 1 


8iat 


9001 


8721 




OSK 


IN 






SH 


OOK 




il'J2.i 


727 




771 


0051 


810; 


OOC: 


8731 




0355 








114 


miK 


(JM75 


wi; 


727- 




77lf 


OOil 


8303 


mh 


8711 




!e07 


S« 






as 


0.9U11 


i.5n.-ia 


1 90*> 


1.7i:B. 


1.0U.UJ 


1.772« 




i.niii 


LVUOI 


1.875^ 


1.9071 




lU 






Wi 


9911 


Bay. 


1«2( 


729H 


003:^ 




99.-. 1 


8821 


OOCl 




0071 


03Bi 


34 






!tl 


9911 


(W!M 


092fi 


7291 


B03!: 


7711 


90,il 


832! 


oeoi 




0072 


940< 


31 






»t 


9911 


6901 


WI2ti 


7301, 


00 K 


771n 


0951 




OOOl 


8781 


DOTl 


9411 


311 






*n 


991 -1 
0.9911! 


flOOi, 


«l2fl 
1.0927 


731:- 


00 Kl 


77S( 


OOai 


1.8256 


fll)U3 




0072 


»I2U 
1.0433 


11 




I.OOlt 


l.TTlt! 




I.MN!) 


1.S801 


1.007) 




SI 






9021 




90 It 


7771 




B2(W 




88i; 




044S 








%v 






0027 




SflIC 


7771 




8171 




882; 




9«5(t 


■H 






» 




693 j 


0027 




OOll 


77S7 




8281 


ouu: 


883^ 




040; 


W 






u 


9913 


(1941 


992« 


7311 


OOll 


77U.' 


995! 


saoc 


OUflll 


881; 


0073 


047 [b 


»« 






15 


).9ai3 


1.691e 


J.man 


i.7a.j( 


1.0041 


l.THUl 


).9U,>i 


I. saw 


LOOM 


1.8855 


I.OOTi 


1.04M 


M 






U) 


99U 


OUi; 


yiJ2H 


Tso: 


9011 




005! 


830i 


09IM 


8805 




0901 


M 








991 1 


ewii 


992H 


73T1 


OS 12 


7hH 


005! 


8SJt 


OOOI 


8875 


997! 


091! 


W 






>H 




69(11 


UH2i 


7S7; 


00'I2 


7Wt 


O0S.i 


8325 


OUOl 


8«H. 


997! 


092^ 


tt 






lu 


mu 


697 ^ 


0112! 


7JS- 


01142 


7(13 i 


90.i; 


833! 


0001 


880 


0073 


9936 


M 






411 


i.WtU 


l.eDet 


1.9920 


l.7»91 


l.WMS 


l.7(lli 


>,99il 


1.8311 


t.OOU^I 


\.»m 


1.007] 


1.9917 


iW 










liDSi 




730'. 


901:l 


7fla( 


005^ 




000, 




097^ 


0951 








41 


9915 




9921 




9B43 


78r.f 




8301 


9005 




IW74 


0971 








43 


IW15 


TDU^ 


993( 


7411 


DO IS 


7861 


005i 


8301 


OOOi 


893' 


0074 


0981 








44 


9915 


7007 




743! 


0013 


7B7J 


0055 


B37f 


0005 


694 


0074 


0903 


16 






I.TOli 


1.9930 


1.742T 


1.0013 


1.7S8i 


).U955 


l.»»»i 


1.9005 


1.8055 


I.997J 


1.0609 IS 




4(1 




T02( 


9931 


T43i 


0013 


7ii9l 


99.->5 


839;-; 




896! 


097-1 


0611 








47 


0910 


Toa; 


003! 


741: 


0U4I 


7»U( 


9955 


810: 


090! 


897; 




9621 










9916 


7(t3. 


0031 


Till 


9011 


790( 


9055 


Sll! 




898; 


0975 


V61( 


IV 






4U 




T04( 


0931 


7451 


Oil 14 


791- 




SI2; 


oeo(> 


899: 




00521 






SO 


(.9911 


1.7047 


!.0II31 


1.740 


l.OOll 


l.792i 


1.9U5G 




1.0000 


1.9005 


).9975 


i.ouei 






fil 


9913 


70i! 


993) 






7931 






000( 


^9011 




9670 








t» 


99n 


70()( 


993S 






7931 






ooa 


9921 












as 


99U 


TOW 


9932 


71 a.-. 










000(1 


9031 




mot 








51 


99IB 


Tors 


0031 


749! 


90 li 


7fl5J 


0050 


8407 


9007 

).un(!7 


1.90i1 


1.0075 


0711 

r5?M 


-4 








i.7om 


I.OIOS 


1.J501 


1.9045 


1.79W 


(.OOiT 


1.8I7( 




sn 


Wit 




903: 


7so; 


9015 


7971 


9B-.7 


84K5 




900; 


997t 


9735 








ST 






903; 


7Sia 


901(1 


797t 




Bl'J.i 




0071 


9070 












OBli 


T10( 


9U3i 




00411 


79S7 




8601 




9081 


OOTC 










SI) 


9UIC 




993; 


7S21 


90«i 


7995 




85 1; 




909! 


9070 










ou 


9919 


Tii:i 


9934 


7S3J 


9040 




9958 


SS2i 


OOOH 


910! 


0071 


9784 













:«K. T 


-ig.S. 




:..,. s. 




Jig. 8. 


l^i. T. 






,-I.S. 




,ll. 








«)» 


ilti.° 


«7" 






*)■ 


P*SBNT11)S**S 


CK 






















, 



64 


TABLE XVI. 1 






LOOARITHMS of llie ApPARtNT DlSTAMCK. 






M. 


*PPi»(i%rmBT*Nci. 




Bio 


8.0 


8,1^ 


8- 


68- 




:->f. B. 






























1.9983 


1.05m 


1.9989 


2.153- 




2.3801 


.0097 


2.45U! 




a. 7381 










ST9I 


m^i 


0505 


9981 


157: 


O-Mi 


2831 


0991 


4601 


9991 


70Si 












Q8UI 


aaai 


0611 


9991 


159. 


omi 


285; 


999; 


46i; 


999! 


772t 










ogji 


Ott2< 


998J 


062- 




loot 


099. 


287! 


099; 


4671 


9991 


780; 








4 


(»r7 


9t<3:< 


9984 


0631 


9990 


1627 


9994 


2994 


9998 


47 1 J 


99911 


7880 


56 








).!W75 


1. 98 IS 


l.99*i 




1.9991 


2.104; 




a, 8112! 


1.999* 
















91177 


9855 


9im; 


000! 


9991 


10115 


999; 


295 


9901 








A4 








9m-. 


9871 


BSBJ 




999( 








999J 


4e3l 


999! 




.ts 








9'JT. 


9981 


99Ki 


0691 


9991 


1701 






990t 




9099 1 1.205 


t.f: 






-w 


0977 


9803 


9981 




0990 


1721 


9095 


BOM 


9998 


499b 


1.0000 BS8f 


61 






L.OUtti 




2.U72t 


).990< 


2.1731 


1.90115 


2.a055 


1.9998 


2.494; 


-.0iioo'3.a37; 








QOZt 


9021 


99HS 


07* 


009( 


lT5t 


9005 


308 


9991 


4081 


0001 


B40< 












993! 


9985 


075! 


999< 


1771 


9905 


a 101 


999t 


602; 


oow 


B55( 












99-li 


9985 


077 


9091 


179( 


9905 


S131 


9991 


6001 


0001 


S641 










99TS 
U.UU7b 


9957 


9985 


0781 


0991 


1815 


9995 


3l5t 


9098 


510» 


oou. 


s;3i 


46 




LOOT! 


1 .998j 


2.080-1 


I.9U9I 


■i.lVMi 


1.9095 


2.S185 


1.999S 




.0001) 


2.HH3I 






la 


ourt 


S»98: 


9985 




9091 


185 J 




321: 


999( 


SI 9! 


000( 


8928 


44 






IT 


99T8 


9995 


9985 




U991 


1875 


9905 


323) 


999( 


5231 


OJOl 




43 






IK 


oy;* 


i.DOOh 






oyui 


189! 




320- 


999t 




0001 




*1 






10 


9970 


002 1 


9985 


0S» 


909] 




91193 


3491 


9998 

P.999M 


S31F 


0000 
I.OOOO 


0235 


41 
40 






0.iW79 


2.003- 


).99B(. 


2.0Hsi 


l.9!J9l 


2.19i; 


1.9095 


a,33lF 


2.S301 


2.0342 






997'. 


OOli 


9986 


089/ 


9991 


193; 


9U93 


3341 


999t 


5405 




9452 










U37< 


OOli* 


99Hfi 


09i; 


0991 


1971 


9995 


S37: 


999B 


6441 


0001 


9505 










au7t 


007: 


9981. 


092< 


0991 


1911; 


0995 




9998 


649: 




9G8I 








a4 


90TB 
0.9979 


OOBL 
2.U091 


9980 


0944 


0091 


2011 


9990 


sia; 


9998 

o.yuub 


flS3! 


oooo 


9799 


30 




1.0980 


a.D9U( 


t.9991 


2.201; 


i.oyoo 


2.3451 


2.538 


l.OOJ0l2.y92S 






m 


997! 








999S 


203; 


9996 


3185 


999t 


5631 


0000 3. 00 IC 


34 




ST 






0980 


0991 


9992 


207; 




3511 


9U9t 


6677 




0171 


M 






«H 










99115 


209- 




3541 


9LI9.. 


67K 


0001 


9311 


)2 






■la 


a.!l96D 


Oiw 


0080 


102- 


9992 


2115 


0990 


3571 


99911 


5771 


0000 


0449 
3.0591 


31 
30 




( 098] 


2.1041 


1.9992 


2.2135 


1.9996 


2.3391 




2.581! 






31 


99SC 


017b 


9985 


1051 


990i 


2151 


999b 


8021 






000! 


073! 


29 








IWBC 


(JIOI 


9981 


107; 


9992 


217J 


909( 


3657 






000( 


0891 


28 








<i'M( 


020, 


9981 


1081 


99Uj 


219t 


9991 


36»; 








1U4! 


27 






M 


99S0 


OSlh 


BU87 


110^ 


9992 


22 H 


9990 


87 1; 


999! 


Goi: 


ODOD 


1211 


26 

9.n 




3A 


0.99HI 


3.02i] 


1.993: 


a.iisK 


1.99!(i 


2.2241 


1.9996 


2. 3741 


).99U9 


2.000) 




3.1383 




Jl) 


99S1 


024^ 




!I3( 


9995 


220: 


OOOl 


S777 


9!HI! 


Gil! 


0001 


1561 








37 


99S1 


02i( 




nsi 


9992 


2281 


9991 


3807 


999! 


6171 


000! 


1745 








3M 


9981 


0271 




117 


9991 


230- 


9991 


8837 


909! 


022 


0D0( 


1038 








SJ 


9981 


0285 




118; 


9!191 


2321 


9990 


886) 


909! 


6277 


ODOJ 


2140 






0.99B1 


2.029! 


>.99B( 


2.1211^ 






1.9990 


2.889! 


).y9!lU 


2.6331 


1.0000 


3.23S2 


30 






9981 


0312 


9a8t 


122S 


990:! 


2301 




3931 


999! 


6381 


0001 


2575 








4^ 




032U 


998i 


1231 


9993 


239: 


999r 


8902 


999! 


644! 














0S4I 


998» 




999:! 


24i: 


9991 


899; 


91W 


6497 


0000 SOJh 








44 






9988 


1271 


999:1 


2433 


9997 


4023 


9999 


65SJ 


OOUOI 3322 






4r. 


).9983 


1.030; 


t 098B 


1.1281 


1.9903 


t.2158 


1.999; 


2.405; 






1.0OO"6i3.36O2 






411 


9985 


0381 


998i 


1301 


9993 


2481 


999i 






0071 


0000' 3901 








47 




039; 


908! 


132 


9993 


250i 


0997 


4125 




6721 


0001 


422: 








4H 




0401 


993t 


134 


9993 


2325 


099; 


4155 


9991 


678: 


OOOf 


4571 








4y 




042: 


y»88 


1331 


9901 


25 Ih 


9997 


418( 


999! 


6851 


0000 


494B 
3.5103 










i.043] 


),098( 


2.1370 


1.9991 


2.25T: 




3.4221 


1.9090 


2.0011 










04.51 


U%1 


139: 


9993 




999: 


425.'. 


099! 




00. 1( 










b2 




04ll( 


998! 


141 


9993 




009: 


428! 


399! 




















098< 


1421 


9991 






4321 


999! 


710! 


0001 


1.012 








hi 


99»3 


0494 


9989 


1411 


9994 


2GQ3 


9997 


4357 


0099 


7167 


0000 
1.0000 


3.8173 










i.oaut, 


1.09b! 


2,140. 


1.999) 


2.26b; 


1.999] 


2.439: 


».90U' 


1.723; 




All 




DJ2: 


998( 


118; 


999-5 


27H 


999] 


442; 


0991 


7301 


0001 


B3I5 








S7 




0531 


0981 


1401 


9991 


273 


D99] 


446: 


9991 


736! 


01)01 


L05g2 








SM 




0551 


B981 


1517 


9995 


275t 


990] 




9991 


7418 


0001 


2155 








fill 




05et 


998! 


153. 


9995 


2785 


9091 


453; 




750! 


0001 


5363 








uu 


.....s. 


058( 


098! 


1551 


9994 




9997 


450! 


9990 


7581 


0000 




"m." 
















l-.rT 


:-..H. 




^CK. S. |Lo(. T, 






93- 


92" 


M" 




.PP*HliHTlll»TiNca. 




















TABLE XVII. 56 | 








Loo A KIT 


HMS of the First and Secokd CokRectioss. 








The 


FintC 




t. «lu«y, to be u.kf o from tho Top, -n J .l«. Ihr s«.4. J, wh™ (b< 

Apparent UUmnce i» grortrt than *>». 




s. 


D btCAEES. 




tf 


I' 


2' 


3' 


i' 


5' 




7' 


8' 


9' 




11' 








1.004i 


1.0073 


..009H 


.012^ 


I.014J 




1.019; 


1.0321 


1.024S 


1.0271 


Ml 










001! 


0073 


0098 


0123 


0l4^ 


017: 


019f 


022: 


024! 


027J 


59 












0041 


0074 


0008 






017; 


OlDt 


023, 


02*! 


037; 


58 












OUS( 


0074 


009a 


0124 




0174 


OIW 


022, 


0231 


027i 


57 






-± 


ouoi 


0D2G 


oosu 


0075 




0124 


0149 


OlTl 


OlOLI 


0224 




oare 


56 










..010« 


..0124 


l.OUt 


1.0171 






1.0231 


1.0270 














0D75 


OIOU 


0123 


DISI 


0175 




0221 




















0070 


01 DO 


0123 


0I5C 


0175 


020< 






















00711 


0101 


012ti 


0151 


0170 




0221 














OOUI 


ooin 


005) 


007! 


0101 


012U 


0151 


0170 


0201 


0227 


1.0252 


1.0278 


50 








1.0077 








i.OI7ti 


1.0202 


1.023i 














010^ 


0127 




0177 


0202 


0227 






49 












oo«: 


0016 






0155 


0177 


0202 


022: 


025 : 




4M 


















0128 




one 


0203 


022) 






47 






14 




0031 


005- 


0070 




0128 


1.0153 


0178 
i.OlTK 


02O3 
1.0204 


0229 
1.022U 






48 










I.0U7U 


I.OHIJ 


1-oiat 


1.0265 


1.028* 














OOSf 


0104 


0121 


0I5J 


01 7S 
























008C 


010.1 


0121 


0I5J 


017(1 
























DOSt 


O10.i 


OI3t 


0153 


018)1 


0205 


0231 


02i( 


0281 


43 






19 


OOOH 


003:^ 


onsfi 


0081 


0103 


0130 


01 S5 

i.oise 


0180 


0205 


0231 


0250 


0383 


41 














L.0181 


1.0201 


1.0331 






40 












O08S 




0131 




OlS) 


02o; 


023i 






SO 


















0131 


OIM 


0181 


020; 


0331 






3H 


















0\3i 


0151 


0182 


oaoi 


023! 






«T 






21 




0031 


OO.ifl 




0107 


0132 


01S7 


0182 


0208 


0233 






36 












i.oo8;i 


1. 11108 


1.0133 


L.OliH 


1.01M3 


1.0301 


.023: 






35 












0HS4 


0108 


0133 


01 5f 


01M3 
























O0S4 


0103 


0134 


015t 


0181 


0201 


023^ 






S3 














00»l 


OIOG 


0134 


0151 


OlS: 
















2!) 


0012 


O030 


0060 


0085 


OHO 
1.0110 


0134 
1.0133 


OlSO 


018< 


02111 


0233 






SI 




1.0186 


.0211 




1.0201 


1.0387 


30 














Olio 


0135 




0185 


0211 
















0013 




00fi2 


OOtffl 


0111 


0130 


Old 


018£ 


0211 
























0111 


01 3G 


Old 


OIBC 


0211 


























013(1 




01 s; 


021i 














-^ 


Poisri 








1.0112 


1,0137 


1.0162 


1.01H7 




1.0238 


I.02U3 


1.0389 


25 








1.0087 












OOHM 


0J12 


0137 


oio; 


01 8i 


02U 


023b 






34 














OOHS 


0113 




01 g; 


018! 


021: 


0238 






33 
















0113 


013b 


016) 


oim 


0211 


023U 






32 






sn 


001 B 


0010 


0004 


OOSH 


0111 




0163 


0)89 


0214 


0239 


1.0203 


1.0201 


31 
30 














..0I3<J 




1.0l8i 


..021.1 


















013Q 




018! 


0*15 
























Oils 


014C 




0101 




























0140 


01G5 


OIOI 


















OOIH 


0041 


0005 






0141 




0191 






1.0207 


























;.02ib 


.0212 


..0293 












009; 


0117 




0166 


0192 


021 ; 


0242 






14 














OO'Ji 


0117 




0167 


0192 


021 ; 


024! 




















009S 


0117 


0142 


0167 


0192 


0218 


024: 












40 


0020 


004- 


O06»: 


0003 


0118 


iToris 


0168 
J .0168 


0193 
1.0193 


0218 


0344 


1.0370 




10 














1.024.1 
















0143 


016! 


0194 


0211 


0211 


0370 




9 














000: 


Ollfl 


0141 


016( 


0194 


021! 
























out 


0141 


OlGf 


0194 


































022< 


0241 






« 






















I.OISS 


1.0221 


1 .U24< 


1.0272 


1 0397 


S 












0071 


0U06 


0131 




0171 


0I9G 


0221 


















0041 




0000 






0171 


0106 


0221 


















004) 


0O71 


OUOi 






OlTl 


0191 


0221 


























0141 


017; 


019; 


022: 
















0024 


oaio 


0073 




0122 


0147 


0172 


0197 


0223 














5* 


■ S8' 




50' 


65' 




5a' 


S2' 


ai' 


SO' 




48' 






T DF.dREF.S. 




W^i 


heApp. 


r*i.l nil 


.ncaiijMilUlli.90",lliaaei:oiidCorr«tionUI"t»takcnlromUieUuttanu 



















56 




TABLE XVII 1 








LoGARiTHUa oftheFiasT and Skcond Corkectioss. 


















Apr<renl DUtsincF it gmrrr ikau ■»*. 






s 








\f 




11' 


Ij 


lu' 


I? 


iB' 


1» 


lo- 


il' 


2* 44' 










1 ..-t^. 


1.01.-.:! 


l.0»I( 


l.OlOi 


I.OISI 


1.04at> 


1.018J 


i.05I2ll.053t 


I.PS6I I.05W 


6U 














0351 


03J1 






Mi! 


0485 








059; 


51* 














035! 


0171 


04 IH 




015! 


0485 


OSil 






OSW 


SH 






















015! 


04BI 


051; 






039i 


S7 










0301 




0S5; 


03B( 






OlttU 


048t 






0S6B 


0396 












nriTFi 






l.OSM 


1.0401 


1.04JI 


l.04C< 


1.0487 


1.05 11 


1.0341 


I.OSW 


1.0396 


15 
















0381 


010! 




0461 




0511 


0541 


0569 039e 
0369 0S97 


















0381 


040t 


0431 


04GI 


04S,- 


0315 


051! 


S3 
















0381 






04C: 


04b* 


BSli 


DS4: 


057( 


OJOJ 


52 














0351 


03«i 




0435 


0463 


04St 


03U 


014: 


057( 


059t 


31 
















l.03Hi 


l.OJOl 


1 AUVS 


1.0I6J 


1.048? 


1.0516(1. 03« 


1.0571 




50 
















036! 


OlOS 


0431 


016! 


04Bt 


0317 0144 


0371 


059i 


49 














my, 


03 S! 


041( 


0437 


010! 






031^ 






















03«j 


OIK 


0437 


016: 




0511 


034! 














11 


03W 


0331 


OSSi 


0»81 


Olio 


043H 












OflO« 
















1.03SJ 




I.M65 


1.04!>l 


l.OSlf 


1.9516 




1.0601 


« 






Id 








OI^S 




043>. 


Ollii 


04U3 


031! 






oeoi 


















038^ 


0413 




OIW 


0192 


051! 


0941 






















03b( 


Oil) 




OlIKi 


OKi 


0521 






0603 


11 








19 


OSOh 


03S4 


OSfil 


03a 


0413 


0440 


04 lib 


0103 


0520 






0602 
1.0601 


"io" 










L.03B1 




1.0441 


1.0461 


1.0193 


1.0521 


1.DS4I 


i.05j; 






V 








oss; 


0411 




846; 




0521 


054) 


057( 




111 








rr 




DS3J 




OIM 


041-( 


0441 


016) 


04S4 


0521 


034! 


0570 




M 








n 




033( 


oioi 


018! 


0411 


0441 


040! 






0349 


057; 


oaoi 


BT 








a 


D311 




msi 


03H) 




0142 


























l.D3r,3 


1 .113891 


1.041S 


1 .oiia 


I.MOU 


LOIM 


i.oji: 


l.035t 


1.0S7& 


l.DDD.^ 


15 






f5 




ai:i; 


D3U3 


03b'. 


04 ir 


0442 


0471 


049<i 


0521 


0351 


03i& 


000(1 


31 








n 








oiyi 










oasj 


0351 


05i; 


oeo. 


11 








?fl 






03'Vj 




0411 


041! 




019i 


0)2. 


0351 


0.171 


0001 


» 








80 


MlK 


013a 


03IU 


0301 


0417 




0471 


0498 




0352 


057U 


oeo; 


SI 
















1 .030! 


1.041( 


1.0411 




I. OlOS 


1.032; 


1.0331 


1.0581 


i.oao; 


















03ifi^ 


04l( 


0415 


0471 


019! 


0521, 


0353 




0608 


















03'J-J 


04 1( 


0445 


0171 


019! 


0320 






060! 


















03'J-J 


041! 


0116 


0471 


OllH 


0520 






oeo! 


27 










0314 


0140 




039! 


04 IS 


Ollti 


0172 


0500 


0527 








25 












1 .044( 


1.047! 


1.0501 


1.052: 


1.0351 


1.0581 


1.0611 














OSOj 


0421 


0411 


047, 


0501 


032h 


0355 


05B1 


oeii 


24 


















0421 


0447 


01-1 


0301 


032! 


035C 




oeii 


23 
















01<I5 


0121 


044h 


0175 


0501 


0321 


055(1 




0611 










30 


0317 


0341 


03.10 


0305 


0422 


044H 


0175 


OS02 


0389 


09S7 


0384 


0612 


26 






.in 




I nil- 


1 Otfi^ 


1.030.^ 


1.0423 


l.044> 


1 .017! 


1.0301 






1.081*5 


1.0611 






41 




034: 


037U 


0390 


0122 




047G 




033! 




038i 


061! 










4' 




034^ 


037<: 


OSWi 


0423 


045( 






0931 


osst 


0685 


Ofll! 




















0)S3 








0531 


035b 


058* 


OOI-I 










44 
1^ 




034.-. 


0371 


0397 


0424 


0450 


0477 


0501 


0532 


0559 


0686 


0014 








1 nv 




1.037! 


\.OVM 


i.oiaj 


1.0431 


1.017! 


1.0505 


1.0932 


l.DSSt 




1.0615 








4R 




034G 




03BE 


0426 


0451 


017! 


050.-, 


OSSi 


oset 














4T 




034( 


0371 


OSM 


0435 


0452 


0171 


050C 


03Si 


osuc 


OSSs 












4S 




034t> 


0373 


osa 


042G 


04.15 


047! 








03!iB 


0016 










4tt 


mn 


034: 


0373 


0>9( 


048G 




OlSO 


0907 


0334 


05G1 


0389 


0«16 
















l.040f 


l.OUl 


1.013! 


1 .OlBl 


1.050] 


1.0S31 


1.0502 


l.03li! 


l.Bfil] 












034( 




040( 


0435 


0451 


01B( 


0505 


0J35 


OSOl 


OGM 


0611 


















0401 


0127 


04S1 


OlBl 


0508 


0S35 


056'i 


usm 


OSIB 










S» 








0401 


oia* 


015 1 


OlBl 


OJOf 


0S36 


0563 




061» 












oaas 


031'. 


0375 


0402 


0428 


0165 


0482 


0309 


0536 


0563 


0591 


OCI! 


















1.04E! 


i.ois; 


1.048: 


I.OSO! 


1.0G3I 


1.0S61 


1.0591 


1.001! 


















042< 


045C 


048! 


051( 


033: 


OGBl 


OS!l: 


oflai 














0351 




040! 


043< 


0456 


048! 


0511 


0531 


05G5 


OSOi 


0621 
















0373 


040: 


0131 


045: 


0181 


0511 


0J3b 


0565 


059! 


0621 
















0377 


040; 


OI3( 


04s; 


OIB. 


0511 


053) 


0566 


059: 


0621 










00 


03i0l 


0352 


0S7H 


0404 


0131 


OJSS 


OlBl 


0512 


0I3!( 


0506 


0594 


0621 












47' 


40' 


45' 


44' 


43' 


Itf 


41' 


lO* 


59' 


38' 


S7' 


36' 


















»ii<^> Uh! Aptxunt TNMuee > 
















^*—-- 


TABLE XVII. CT 1 






LooAiiiTHMsofthe FiitsT antl Second COKfcECTiona 


















s. 


i DEOKEU. 




a4' 


aii' 


ao' 


i7' 


28' 


29' 1 30* 


31' 


32- 


33' 


34' 


ao' 
















1.070! 








1.0881 


I.OlHtl 




















0735 


0761 






0851 


0881 






















0735 


0761 






























0736 






0821 




0881 
























0765 


0791 


082! 




0M81 












—z- 








1 .070^ 


1.U7S7 


1.0703 


1.07'J4 


1.0823 




l.»MS 


1.0912 


1.01U2 


55 
















0731 








0832 


OSS! 


0911 




















073h 








083^ 


088! 


001! 




















OTSt 








0854 
















«.!, 


0054 


oos» 


07IC 


073U 


i;o7'afi 


n07O7 


0IS25 


0835 


0884 


0914 
















i.ojiili.orau 


1.0ti26 




l.08S( 




l.Wii 














0741 


076* 


07l« 


0S26 


























0711 


0701 


OTOI 


0827 




0881 






















0741 


076! 


0708 


0827 
















IJ 


Oti^fl 


065. 


OOfW 




0711 


0770 
1.0770 


9700 


0828 




















I.06H5 


1.0713,1.0741 


1.0791 


l.ObS) 


1.0857 


1.0881 


1.0911 


1.0947 












00t<5 


0713 074i 


077! 


0801 


082! 


086t 


0881 


















OOHI 


0714 0742 


0771 


0801 


0821 


085* 


0881 






















077! 


0801 


083( 


085! 


0881 












IB 


OGSft 


06»a 


ooat 


0715 0741 


0778 


0801 


O830 


0859 


088ff 


1.091U 




.f. 












1.0715 I.071J 




1.0801 


1.0831 




1.0881 












U7IU, 07 4< 




080! 
























OGH« 


0710 0745 




oao: 




0801 


0801 


01121 


















0717 0715 




080! 


0831 




0891 












M 


oe3» 


0<ki] 


0081 


0717 0740 


0774 
r07"TS 


1.0804 


0n33 




0891 


0921 




in 














1.083! 




1.099! 


1.0921 














0775 


080< 


083J 




0801 


0921 


09S1 


^1 
















0771 


0805 


083i 




089! 




















0710 07 4i 


0771 


080i 


OSSi 




089' 


092! 










SO 


Dr>3S 


ocr>3 


0691 


07aO 074(1 




0806 




i.ofiii? 


0891 
1 .0H!t5 


0924 
1.0921 


FToiJii 


iU 








1.0063 


i.uo!>: 


1.0720 1.074! 


1.077; 




1.0835 




3) 




06& 


060i 


0721 074( 


077t 




083f 


0801 


OHO! 












M 


IHI3& 


0G& 


OflO! 


0721 075( 


077( 




0830 


0861 


OSIH 






















0771 


OS0( 




0861 


OHW 












14 




0505 


060i 




0770 


0808 


0837 
1 .0838 


0867 


0SU7 


092r 


0056 


:» 












1.07i21.O7il 


1.0781 


1.080! 


1.086; 




1.0921 












069^ 


0723 0751 


0781 


080! 


0831 


086( 


08'Jl 


0921 
















uess 


0J23 075S 


07MI 


081! 


083! 


086* 


089* 


092* 
















0005 


0J2i 0751 


07HJ 




0831 


086! 


089! 


092* 










ID 


oeic 


DGO^ 


OOM 


0724 0753 


07»2 


0811 


0810 


0869 


089! 
r0899 


0929 








40 


1 itMl 


l.OSOtl 


1.08W 


1.0725 1.075! 


1.0701 




1.0841 


1.087! 












0725 075'! 




081! 


0641 


087! 


0901 




















0726 0751 




081! 


0841 


0871 


0001 


















oout 


0720 0753 


07HJ 


081; 


0841 


0871 














44 


D64i 


OfiTf 


1.0091 


0J27 0755 
L.073J 1.0756 


0784 
1.0785 


0813 
1.08H 


0812 


0872 


0001 


0931 








4fi 




i.oqTO 


1.08J! 


1.0D72 


1.090: 


1 .09J2 


1.090;i 


15 




in 


064: 


0671 


OfiW 


0728 07.10 


0T8£ 


081 ■: 


084: 


oht; 


0902 


0931 










47 


OGt: 


0071 


070( 


0728 0757 


0T86 




084' 


0872 


(,90: 


09:i3 




















0781 




0844 


087J 


09o: 










4U 


0044 


0675 


0701 


0729 07SB 


0787 


0810 


0845 


0874 


r^. 


0034 


1.0961 


1^ 




U) 




1.067: 




I.OTSO!.075( 




1.0816 


1.0845 


1 .0875 




SI 




007! 


OTDl 


0730 0751 




OSK 


OSK 


0875 


0905 


0935 










sn 


054(> 


067^ 


07UJ 


0730 0751: 




081; 


0816 


087( 


o9o; 


Of)3S 










u 


oe4< 


0G7< 


010! 


0731 070( 




081; 


084; 




0901 


0936 










M 


064^ 


0675 


0703 


073. 0760 


07«> 


0818 


0817 


0877 


09OO 


0036 


0906 















l.OiO: 


I.U7321.0701 


1 .078! 


1.081b 




1.0875 


1.0901 


1.0931 


1.090; 








Af> 




0670 


070J 


0732 0701 


07!H 


OBI! 


0«lt 


087* 


oito; 


0037 










ft7 




0671 




67aa 0702 


0701 


081! 


084! 


087* 


0901 


093) 










HH 


«64t 


OOT. 




0733 0761 


07U1 


0821 


081! 


087! 


090* 


0931 










llfl 






0703 


0734 0761 


0791 


Oh2( 


085! 


087! 


000! 












eo 






07n 


0734 0763 


0792 


0h21 


0850 


08801 0!M9 


0939 


0909 


9 








*5' 


W 


33' 


32' , 31' 


30' 


29* 


as' 






24' 


a. 




7 SEC BEES. 


WhEB ibe Ap)iu«t DMance 1« tai Ihsn WW, tbe Sccnnd CtnTcctl"o (• lo be uken from Ue B.nt.'.ii. 










_— 



'53 


TABLE XVII. 1 






LooAUiTHMS of the Fiust 


and Second CoukRCTiowa. 








Tlie Fint CorrecUDu b diuuju u Iif tnken 


roBi the Tm..>u«> "Ho tb* Poco.hJ, Oban [hu 




S. 




60 


3(>' 


37' 


HS' 


3',!' 


40' 


41' 


42' 


43' 


44' 


15' 


4U' 


47' 


II 








i.ioa: 










i.m 


1.134 


1.138: 


1.131. 










1031 


100 


1U!> 






11» 


121 


135 


1281 


131 


fill 






« 




JOOI 


103: 


1062 


\m 






118 


121 


125 


12b; 


131. 








s 


0!»7: 


loo: 


103 


106: 


lOft 


I>2. 


llSi 


118' 


121 


125 


128; 


1311 








4 


(Wl 


1001 


103: 


100! 


103 


l]2j 


USD 


1188 


121 


135 


1384 


1311. 






R 






I.IUfi; 












1.125 








A 




100-2! 10^: 


lOli. 








118 


132 


1S5 


1285 










; 




loo: 


1031 


106 


1011 




lis: 




132 


125 


1285 


1311 


fi3 






n 




luo: 


103- 


loua 


100 






no. 


123 


12.-. 


12!M 


13 111 


fi2 






K 


naij 


1O04 


1034 


106S 

i.iouo 


109 




115(1 


1100 


132S| 1354 


1287 


13ID 


51 




1.0O7- 


1.100- 




1.1128 


1.1151 


1.119 


1.122 


1.126, 


1.128; 


1.1321 








ow; 


1003 


lOSIi 




109 


112f 




110 


123 


121 J 


138! 


1331 












10O;> 


1031 


loo; 


109 










1251 


1261 














10D( 


1031 


lOGI 


109 


118! 




1192 




1251 


1281 












0U70 


laOG 


1037 


I0G8 


1098 


1131 


1161 




1225 


1267 


1289 


1323 


46 




L. 01177 




1.103: 


i.ioet 


1.109 


1.1131 


i.iie; 


1.119: 


I.122S 


1.125 


1.13UI 


1.132! 


4A 




111 


0117; 








110< 


1131 


1102 


119 


1221 


1251 




132! 


44 






17 


0«J( 






1 001 


1IOO| 1131 


no: 


11«j 


132< 






132! 


A% 






IH 


0!l7t 


100! 


103L 




1101 1132 


llGI 


1101 


123 




12ill 


132; 


42 






1^ 


0117' 


100! 


1U4< 




1101 1132 




noi 






I3W 


1325 


41 






'/<! 


1.0Q79 


l.IUD! 


1 . IU4U 


1.1071 


1.11021.1133 


1.1104 


i.iioe 


1. 1328 


1.12G0 


1.1292 


1.1335 


40 






?l 


om. 




1041 


1071 


11021 113-1 


lies 


113: 


122! 


126: 


129! 


1S2G 


m 






■^M 


oos{ 


1011 


1041 


l()7i 


11031 113J 


lies 


119: 


1221 


130 


139J 


1326 


AH 






■J3 


O'JHI 






107; 


11031 11 3S 


na 


119! 


1231 


136; 


latfj 


1331 


.17 






■21 


0*i 


lUI;; 


1042 


107! 


iio4| US", 


1107 


1198 


1330 


126; 


129S 


132! 


36 




1 .0Ub2 






i.ioia 




i.noili.nou 


1.1331 


1.1203 


I.12!<5 


1.132s 




M 








1074 




ill 
lis 


123: 


12G, 


129( 


1328 


U 






'/I 


ousa 




104^ 


1074 


11 Oil 1137 






121)C 


132! 


n 






an 


oBwa 


lUM 


1044 




llOOj 1137 


123i 


1265 


1207 


132! 


Wi 






■JU 


0U8-I 


lOl-l 


lU4a 


I07S 


iioet 113S 


1101 








1297 


133! 


31 






:ut 


1.0!W.| 


..10 IS 


1.1045 


L.1076 


i.ll07 


1.113ft 


..n7ol 


l.l^lil 


.1233 


1 . 120U 


1. 1398 


i.1331 


no 








0!IM,-i 


lOlt 


1046 


107fl 


110! 


lUE 


n7( 


129;^ 


1231 


1200 


12Uf 


1331 


w 










lOlO 


I04( 


1077 


110! 


USE 


1171 


120i 


123.1 


126; 


12!« 


I33S 


fA 






:Ki 


O^SB 


loi; 


1047 


1 078 


not 


111! 


1171 


laoa 


1335 


1261 


1301 


133^ 


•?t 






■ii 


ouaii 


1017 


1047 


1078 


1110 


1140 


1172 


1204 




1268 


1300 


1333 


SO 






.101t< 


.104t 


.lU7i 




1.1141 


.1172 


,.1204 


1.1230 


1.1308 


1.1301 






0i»S7 


lOlh 


lOlt 


I07< 


nil 


1141 


117S 


120S 


1331 


126! 


1301 


1334 










OUfll, 


1010 


I0« 


IOS( 




1142 


1173 


120, 


123; 


1201 


130: 


1834 








HH 


OlIbH 


1011 


1041 


108( 




1142 


1174 


12DG 


1238 


127! 


1301 


1335 








3<J 


0389 
.OBB'J 


1020 


1050 


1081 

.lOSl 




1143 


1174 
.1I7S 


1306 
I . 1207 


1338 


127( 


1303 
1.1303 


133S 
.133(1 


31 




.11121.1143 










1021 


1051 


lOH; 


ma 


1144 


1175 


i2o; 


1231 


1371 






19 










1021 


1051 


10S2 


1113 




1176 






I37i 


1304 












oimi 




1052 


10H3 


1114 


114S 




iao( 




1273 


1305 


1338 








u 


."oiraa 


10:!2 
.1M3 


IU.^2 


10H3 


1114 


1140 


1177 


1203 


1241 


1273 


1306 


1338 


16 




.1053 




.1115 


.1140 


.117! 


.12« 


.1241 


.1274 


.1301 


.133! 






ODOi 


1023 


los: 


108^ 


1115 


1147 


1178 


lilt 


1342 


J274 


ISOl 


ISJl 


14 






47 


0UU2 


102- 






IlIG 


1141 


117t 


lau 


134i 


127S 


130! 


1341 


n 






4M 


09ua 


102, 




1085 


1116 


1141 


117! 


1211 


1243 


137S 


ISOt. 


134C 


13 






4U 


OUill 


1035 


loss 


1086 


Tlil7 


1148 




1211 


134S 


1276 






1o- 








.OOftl 


.1021 


.1055 


.108( 


.1141 


.1I8( 


.121! 


.1244 


vm 


.IJUt 








099.* 


102C 


1056 




1118 


1141 


11SI 


131! 


im; 


1371 


13U( 


1342 










OS-JJ 


ioa( 


105(i 






list 


1181 


121! 


1246 


1871 


1311 


i»4a 










oooc 


loai 


1057 






1150 


118i 


121^ 


12411 


127( 


13U 


i»4a 


7 






^4 


OIHJt 


1027 


1057 


1D8S 


1119 


1151 


118^1 


IZH 


124G 


I27E 


1311 


1.144 


6 








.09»7 


.1028 




.1081 


.1120 


.1151 








.127G 




.13,14 










0!IH7 




t05H 


lost 


1I2( 


1152 


1183 




1247 




131: 












09!)) 






lOQf 


1121 


1152 




12IE 


1248 




131! 1345 


3 












lOfiO 


1091 


I1S2 


ltS3 


lis- 




1348 




131! 134(1 


-3 








0U91 




1000 


1091 


1121 


1153 


1185 


1217 


1340 


1281 


131^ 1310 


1 








0991 




1001 


1C91| 


1133 


1154 






1340 


1282 


1314' I34i 








1 


■,i 2- 1 ..-'I 2<i' 1 


19' 


Ih' 


17' 


IB- 


16' 


14' 


13' 1 12' 


''^ 




T nEO 




— "- 


A|ib>«r>.'i>l Ui.lnnce \, lia thmi WP. the 8 

















TABLE XVtI. 


ao 1 






LoQAKITHMS of the FlIiaT and SkCOND COKKECTIONS 










e GecoDd. when the 














A 








i-y 


SO' 


51' 


S2' 


53' 


B4' 


55' 


66' 


57' 


58' 


69' 












1.151 






1.161! 


1.165 


1,168! 


1.172 










138 


141 


144 




151 






161! 


165 


169( 


172 












138 


141 


144: 




151 


1551 




162' 


165 


160t 


1726| 68 










138: 


141 


144: 






1551 


16»; 


102 


165 


1601 


172 


S7 








134 


1382 


141 


144S 


148 


151 


1S51 


1681 


102 


165 


1602 


172 


m 






1.135 




1.141 


1.1451 


1.148 


1.151 


I.15S! 




1,162 




1 . 100! 


1.172 






135 






145 i 


148 


151 


155! 




102S 


165 






54 








135 


138 




145 


148 


151 


165! 




162: 


165 


169! 




s» 








135 




141 


145 


1485 


151 


155* 








169, 


173 


6a 








IBS 


138S 


141 


1452 


1480 


152 


1664 




1624 


IC5 


1694 


173 


ii 






1.135 


l,138i 


1.141 


1.115; 


1.148< 


1.1B2 


1.1666 


1.I5H 


1.162. 


1.166 


1.16'J5 


:.i73 






135 


1381 


141 


145; 


148' 


152 


1565 


■ AH 


1621 


166. 


10Q( 


173 










13S 


138 


14S 


145. 


148 


158 


155( 


159 


1621 


166 


1696 


173: 










136 


138- 


149 


US. 


148: 


152: 


155( 


i.5!l 


1621 


166 




173: 


47 






if 


135 


1381 


142 
1.143 


1465 


1180 


1523 


1557 


15!) 


1627 


1662 


1697 


1733 


46 
45 




1.135 




1.1451 


1.14811 




1.155( 


I,I5<I 


1.1G2; 


i.iGfi; 


1.1696 


1.173. 








138: 


142 


14SI 


119: 




155» 


l.'il 


162» 


166: 


160! 


173 


44 








135 


138: 


112. 


1451 






1551 


1.59 


162! 


lOft 


169( 


17^5 


43 








135 




142 


14S; 


140 


1525 


155! 


ISO 


1621 


16& 


170( 


173: 


42 






~m 


1357 


13» 


142 


1158 


149 


1520 


1560 


150 


1630 


1065 


1700 


1730 


41 




1.135: 


1.139 


1.148 


1.14S» 


1.119; 


1.15a 


1.1561 


1.169 


1.1631 






L.173' 


41) 




il 


1351 


law 


142 


115! 


i4o; 


152' 


1561 




163 i 


1601 




173: 


3!) 






KM 


133! 


139; 


142 


145! 


iip; 


Uff 


1661 




1631 




i7oa 


173) 


as 






■2.1 


1361 


139; 




MUl 


149^ 


1521 


1561 


I.S9 


1632 


106; 




173! 


flj 






U 


1360 


i3o; 


142 


1460 


1494 


1528 


1663 




1633 


1008 


1703 




K 






1.136 


1.13D' 


1.142- 


1.1461 


1.1195 


1.152! 


i.um 


I l.Ml 


1.163! 


I.106I 


1.170J 


,,1741 




W 


136 




142 


1461 


1495 


1531 


15&: 


I.IIK 


16a< 


1661 


1705 


1741 


31 






V7 


1361 


1395 


142 


146S 


149) 


1531 


1665 


1,10 


161^ 


1671 


1706 


174: 








VH 


1382 


131H 


u-e 


146! 


IIW 


1531 


1665 


mo 


1635 


1671 


1706 


1742 








3!» 


13(iS 


I39f 


142 


1403 


1491 


1531 


156( 


100 


1035 


1671 


1706 


1742 


31 
30 




3fl 


..136: 


1.1397 




1.116. 


1. 14981.1532 




.160 


1.1631 






.174a 




31 




i3y; 




um 


149f 


1S3! 




[i>o: 




167! 






«l 






32 




139( 


143 


1405 


149[ 


ISS! 




irio: 




167! 


170S 




ilH 






13 




139* 


143: 


1465 


149! 


1.S.1: 






163) 


167! 


170D 


1745 


27 






il4 


1366 




1432 


1460 


1500' 153i 


1560 




163!^ 
1.103'J 


1074 


1709 
1.1710 


1745 


J16 




1.1366 


1.13'Jl 


1.143 


1.116] 


I.ISOO 1.1535 


1.166!] 


.160^ 


I.1U75 






HR 


136; 


1401 


143; 




1501 


1635 


1571 


nil) 


164( 


1675 


1711 




Kl 






37 


136^ 


1401 


143: 


140t) 


ISOl 




157! 


1605 


1611 


1676 


1711 


1741 








.IS 


136f 


1401 


1435 




150! 




1571 


urn 


IMl 


1671 


1712 


1748 


•lA 






3« 


1368 


1402 


1435 


1469 


1503 


1637 


1571 


1606 


1611 


1677 




174^ 
.I74U 


211 








1.1402 


:.143< 


1.146! 


. 15031. 153( 


M57£ 


I6O; 


1.1643 


:.1871 


I.i7ia 




41 


137t 




1431 


147( 


ISO4I 153K 


1573 


1601 


1643 


1671 


1711 


174! 


19 






-IW 


137( 


149; 


1431 


147! 


1504 153! 


1573 


16ll» 


164S 


]67f 


1714 


176t 








4:( 


1371 


149i 


1431 


147 1 


1505 153( 


I57J 


KHlf 


1044 


167! 


1715 


1761 








44 


1371 


140j 


1438 


1172 


ISOOl 1S40 


1674 


1600 


IGI4 


1680 


1715 


1751 
.1753 


"FT 




in 




-llOS 




l.ll7i 


.16061.184(1 


.1575 




1.1616 


-loat 






46 


1372 


U05 


143! 


1473 






1670 


















47 


1373 


140£ 


114< 


1473 






1570 




IGI6 














4W 


1373 




144t 


1174 


1508 






1612 


1G41 


16HS 












40 


1374 


1407 


1411 


1474 


1.508 


1513 


1577 


161! 


1617 




1718 


1754 
.1755 


TT 






.1371 


.1407 


.1441 


1.1475 


.150! 1.1G13 


.1578 


.161! 


1.1611 


.1683 


.171U 




Hi 


1375 


1401 


1442 


1476 


1511 


154J 


1578 


Ifii; 


164t 


1684 


171U 


I75r. 








A'i 




140h 


1442 


1470 




154< 


1670 


1611 


164! 


1684 


1720 


1756 








«S 


1376 


140! 








1545 


1680 


1614 


165( 


1085 


1721 


175] 








G4 




1409 


1443 


1177 


1511 


1546 


1680 


1615 




1680 


1721 


1757 


-J 






Ifi 


.1371 


.14I<1 


.14*1 


1.147B 


,lSli 








,.1651 


.1686[1, 17221 


.1756 






137( 


1411 


144S 


1478 


15U 


1511 


1581 




1651 


1687 


1722 


175! 










137( 


1411 


144S 


1470 


1513 


1511 




1017 


1652 


1687 


1723 


175! 










137! 


1412 


1446 




1514 


151! 


168! 


1617 


1662 


1088 


1731 


176! 










137! 


1412 


1416 


1480 


15H 


154i 


ia8S 


161H 


1653 


1680 


1724 


176( 








<;o 


1380 


1413 


1417 


1481 

8' 


151S 

V 


1549 

6' 


1S84 


1619 


1654 

3' 


1689! 


1725 


1761 


IT 








7 DEGBEES. 1 


— 




l^_ 











60 










TABLE X\'It. 1 








1.0 


3Ai(iTKU3 of the First and Secobd Correctiok*. 






























Ai.p 








s. 






U' 


1' 


2' 


J' 


4' 


5' 


6' 


V 


8' 


9' 


10' 


11' 






1.1761 I.IT'JT 


1.1831 


L.I871 


1.19m 


1.1941 


1.198.; 


1.203S 


1.2001 




1.213! 


I. 2178 










176i 


I7W 


IH35 


1871 


1901 


1011 


I9B.! 


302; 






213! 


317! 








9 


176: 


179( 




187S 


19U1, 


194; 


1985 


SWU! 


20G1 




214( 


2181 








X 


nea 


1791 




1873 


1911 


194( 


I9B< 


2024 


20G: 


210! 


2111 


3181 


57 








1763 


1800 


rT837 




19JI 


iTToiy 




20-.!J 


3003 


2 1112 


3141 


2181 


50 






L.lHOl 


i.IB74 


1.1911 


1.1981 


1 .2U2., 


1.200J 




l.iUi 


1 .21811 








ISU] 


183t 


187; 


lUli 


1051 


1981 


iOiti 




2103 


SI 13 


2181 










1705 




183( 


1875 


1913 


1!»5( 




2021 


300i 


2101 


2143 


818! 










I7UU 


1801 


1831 


1871 


1013 


1951 


198! 




2061 


210; 


2144 


2184 








« 


17'iC 


1893 


1B30 


187( 


1014 


1951 


1980 


2928 


80GG 


2105 


2145 


3184 






10 


I.UOT 


I.IBO; 


L.1S4( 


L.la73 


1.1914 


1.195; 




1.2021: 


i.aoGi 


1.2UM 


1.3145 


1.3185 






H 


176t 


IBO^ 




1S7£ 


191; 


1953 




202! 


20Ut 




2146 


8186 


49 






\i 




IbOS 


1B4] 


Iblt 


1911 


1953 


1901 


2031 


200) 




3141 


3186 


48 






i:t 


I7li£ 


180; 


184i 


187! 


IBIG 


1954 


190! 


2031 


306'. 




2141 




47 






14 


l7IJli 


isot 


1843 


1S8U 


1911 


I9SJ 




2031 


3070 


[72100 


3148 


3188 

Oiaa 


46 




I.I77( 


L.lbOG 


1.IH4: 


L.I8B1 


1.1918 


I.19SJ 


1.199. 




1.2071 


1.214! 




10 


1771 


im: 


184< 


18^1 


19it 


1956 


199; 


2U3t 


3071 


21 1( 


3145 


218t 


44 






17 


1771 


1801 


IBl^ 


1881 


19l( 


19j( 


1995 




3071 


2111 


315( 


310( 


43 








1T7J 


IBOl 


184; 


ISSi 


lOlt 


19,,3 


1991 


203! 


3075 


3111 


3151 


219(1 








lu 


1773 


180! 






1920 


1958 


1996 


3U3J 


2073 


3112 


3151 


3191 


41 






1.1773 


1.180! 


1.18J6 






1,1931, 


1.1991 




1.2073 


1.3113 


i.ai.si 


1.3Hl» 








1774 




184; 


188^ 


1921 


19G1I 






2074 


2113 


215! 


9191 










177.1 




1841 


IfcSI 




19G11 






20TJ 


2114 




3193 










1773 


IHll 


184) 


IBSi 


1923 


1!JG1 




2031 


2075 


2113 


315! 


3104 


37 






24 


1775 




1849 


1880 


1023 


190S 


1099 


2031 


2070 


3115 


21.55 


2101 


36 








1.177G 


1.181;, 


1. 1811 


L.188( 


1.1021 


1.190J 


1.2001 


1 .■ifHt 


l.SuTl 


1.211( 


i.ai5( 


1.2195 


35 






Wl 




i8i; 


1851 


1885 


1024 


190S 


200;. 


2031 


2071! 


31 1( 


2151 


319( 


34 






MT 




181J 


1851 




102; 


196J 


2091 


203! 


207! 


3117 


315; 


319( 


33 






2H 






IBfil 


168^ 


1021 


190! 


2001 


20 H 


207! 


31i» 


315; 




32 






a!) 


1778 


1815 


1BS2 


1889 


1020 


1904 


2001 


2041 


30811 


3118 




3108 


31 








1.177( 


1.1816 


i.lBSi 


1.1881 






1 .200: 




1.2081 


1.2111 


1.315! 


i.319b 








:i) 


17m; 




1853 


1891 








204; 


208! 


ai2i: 


315! 


3I0!1 


S-i 






3« 






1854 


1891 


102t 


19C( 






3081 


212C 


BIGI 




2H 






8X 


i7ai 




1854 


IS'JI 


192! 


1901 


2005 


294! 


a08i 


2121 


21G1 


320(1 


27 






34 


1781 


181^ 


1865 


189Z 


102! 


1967 


KLI05 


3044 


3083 


2122 


3101 


2201 


•K 










1,181! 


l.lBit 


L.189! 


1.193,, 


1.196^ 


I.391H 


1 .2044 




I.212S 


1.310; 


1.2203 


25 






3I( 


17MJ 


181' 


1857 


189; 


1031 


1361! 


200 J 


304; 


3084 






2205 








ST 


17M3 




185; 


189J 








S^4G 




2124 


91G: 


2203 


23 






!IK 


1784 




t86t 


1804 


UI33 






904( 




2124 




3204 


rt 






3!) 


1785 


183! 


185b 


1895 


193! 




300! 


2041 


208( 


2125 




3204 


21 






40 


1.17M5 




1.1B59 


l.lBWl 


1.1,033 


1.1^71 


1.200! 




l.iftW 




1.21G5 


1.3203 


20 






41 


1786 






18U( 


1934 


1975 


2011 


204t, 


au8i 


3120 


31 G( 


3200 


19 






42 


178( 






189i 


1031 


197J 


am 


&M1 






aio; 




^^ 






4a 


17«7 








I9S5 


1973 


son 




M8t 


2121: 


316; 


2207 










178e 


1824 


1861 


1898 


1930 


1974 


20li! 


20i( 




312- 


2101 




16 














I.1H9H 


1.1930 


1.1974 


1.2011 


1 mi 


1.2091 


1.3120 


1.210! 


1.231)8 


15 






4(i 


1785 






189! 




1973 


^1! 


rt),11 


SiOOl 


Sl3( 


210! 


220!1 


14 






V 


]78t 






]9U( 


1931: 


1976 


201. 


?(n-,i 


awi 




2\71 


£310 


131 








179C 


1827 




lUOl 


193t 


197( 


201^ 


2115i 


H09S 


al3i 


2171 


an 


13 






41) 


1J91 


1837 


1864 


101)1 


1039 


1977 


»na 


ZDBJ 


3092 


ai32 


3171 


3911 


"to" 




All 


1.1791 


1.183)- 










l.SOI'f 




1.209! 


1 .3135 




1.2212 




51 


noi 


1831 




199: 


15141 




2016 




2094 


3133 


217! 




» 






fia 


noi 


IS-ii! 


Iflirt 






197( 


mi; 


2055 


B094 


3134 


217: 


2:,il3 


8 






53 


170! 


Ib3( 


Ififil 


1904 




197! 


2017 


S9S1 




2134 


317- 


2314 


7 






54 


171IJ 


1831 


iau7 


19114 




1080 


2018 


2057 




3135 


2174 


3214 


6 




1.1831 


1 . 1 Mis 


1.1005 


1.191'. 


1 .1,!)8I 


i.aoit 


1.2051 


l.-a09fl 






1.2215 






Kl> 














90U 






3131 




321 1 








57 


179i 


1S3! 


IBfi! 




194 




te 


205!. 




2131 




22 1( 


S 








17B( 


1K3; 


187( 


19111 


19 h 


108i 


205l 
















511 




















3 US 


2171 


921! 








(iU 


1707 


IS 3. 


1871 


1908 


1946 


I!)8; 


i022 


aoGi 




3130 


2178 


9218 

4^' 









5B' 


68' 


57' 


56* 


5-^' 


S4' 


63' 


52' 


51' 


50* 




6 DECHr.U. 




Wlii^i. I 


h^ Ai,|«i 


rriit Dii 


Utnceii 


[f»1Um 


uao, tUH Hecond &.rrwtlon i> (a be taken ti-m Ih.- D.itUim 


















_ 









TABLE XVll. ei 1 










Loo*ui?H>is orthePiR«Tan<l Kf.cond CORnfeCTioiti. 












riM CnnwlEoa i> <I>iv.«> ta be t«kco frum tin Tub, uri »» Ifac tinA, whcnlbe 
.1 l.]jOn-i.t DWdni-t Kgn-otrr llnim»>. 




















3 i>ICKe£«. 






t»- 


13- 


14' 


IV 


IC 


17' 


!»' 


10' 


*J' 


-XI' 


1.2610 


23' 










1.2341 


i.aaa: 


1.213 


1.8101 




1.3.-.5i 


i.a.'>9G 


1.2686 














?m. 


2S41 


23S: 


3425 


2101 


3511 


9S5I 


2591 


8641 


368< 


59 












22G( 


2301 


234! 


238- 


3426 




3511 


9554 


95 9( 


3&1: 


9681 


6'' 












2-^61 


2305 


2343 


23b, 


2I2Q 


9401 




955J 


9691 


2611 


268i 


6T 










S2.il 


asoi 


aaoi 


2344 


2S35 


812; 


9470 


8512 


9550 


8599 
1.9600 


2013 
i.>64) 












1 .»():l 




L.aS44 


I.29M 


i.a-tst 


l.»4Toil.2513 


1.863C 


L.26U( 


SS 














234S 


238; 


812! 


aiTi 


8514 
























2SU4 


234i: 


238: 


2121 


2478] 3515 


955) 


»»] 


2041 


30B( 


53 












2204 




234( 


238) 


2431 


247S 


85H 


9561 


9G01 


3641 


8691 


68 










3Sia 


2205 


2S(H! 


2347 


21B[ 


2131 


2413 


8516 


9651 


9003 


2047 


8692 


61 










1 *Wl 


l.22tti 


1.23m 




1.238! 


1.2431 


1.247'! 




1.9661 


1.3WH 


1.264t 


























2475 


8517 


9601 
























2341 




813! 


2471 


861( 


9501 


























2391 




M47( 


8611 


2501 
















il- 


sasts 


gaofl 


23ogi 


235D 


2395 


8134 


24T7 


8520 


9503 
1.2&C4 


KaOUT 


1.9CS8 


1.8691 


46 






I.KK 




l.231t 


1.2351 


1.23'J! 


1.2435 




l.262( 








S-^2! 


WTC 


2111 


2361 


2391 


243) 


2471 


8521 


9501 


a60f 


9651 
















227( 


2315 


2S53 




8430 


8471 


852i 


9600 






869* 












2S31 


aari 


231! 


2353 


8395 


2JS; 


8481 


252i 


95Gt 




2051 














sasi 


*27i 


211! 


2S5I 


239( 


B4SI 


8480 


8523 


9660 


2010 
















1 W1 








1 9V« 


1.243f 


1.S4S1 


1.2624 






l.aC66 


1.8J0C 


4U 












227! 




2355 


239; 


243! 


248! 


2621 


96GE 


2C15 


2051 


BTOl 














827-; 




2Sj( 




2441 


8181 


2525 


























2B5! 


2B9( 


2111 


SiM! 


2S2( 


95GS 




2(i61 


2705 










24 


5!3a 


£275 


2317 


23S7 


239!li 


2441 


iM84 


2S27 
1.2627 


9670 


1.2615 


20.58 
I.206B 


K8704 


U 
















1.2401 


1.SM86 


1,2571 














2351 


24 Ul 




2485 


8521^ 


BS72 


9615 






















2351 


24m 


2441 


8481 


26^1 


2572 
























Hid 


2i02 


244 


248; 


»53( 


2573 


2611 














29 


»3K 


asTti 


3320 


siai 


2403 


244.^ 


2187 


2S30 


2674 


2fil^ 


1.3663 




30 






1.227<. 


1 V*-?1 


I.9*(il 


1.240! 


I.B14r 


l.248t 


1.2591 


1 .2671 










eijii 


HM 


2321 


BSfil 




2411 


2481 


8535 


2*75 


26U 
















Silt 


2Bbl 


2!2i 


»I(i! 


240; 


244; 


8481 


863! 


9*7t 


9fi2« 


3661 














SS4I 


2!hI 


2SiS 


230) 




211t 


2191 


8S3S 


9i77 
















SI 


etii 


B2SS 


1.232*1 


B3U4 
1.23CS 


2lO( 


S44H 


8191 


8634 


2S77 


2621 


I.2GG0 


tT271l 


25 










1 P4n; 


1.8441 


1.24W 


l.aSBl 




1.862a 










228! 


£3^4 


asuo 


240) 


845( 


8495 


8635 


257! 




aco; 


3715 












S24: 


S2S4 


2325 


iiM 


810) 


B15( 


240! 


9S3( 


9SH 


2621 


20Gi 


871! 












a2i.j 


S2B5 


S32G 


81(17 


8401 


2451 


2*01 


2637 


268( 




8601 


2T1! 












9ii.^ 


SSSi 


£326 


*%nf 


24 U 


2452 


2401 


2S3t: 


9581 




956! 


8714 


















1 »ii.H 


1.8410 


1.2453 


1 .24115 


1.25» 


[.35»^1 


1.86261 


1.2670 


1.2716 


9* 










2iM> 




232^ 


21011 




24u! 


8490 


253i 


858! 




















l32)i 


237C 


241i 


2134 


2191 


2641 


ass! 


9621 






















2371 


2411 


21.^5 


2195 


2541 


















*± 


itkitt 

t.!149 


3280 
I.22B9 


lS3a 

1.2311 


2371 


2413 


2455 


2198 

].!4li« 


2541 
















L.*i;i 


1.21U 




1.9641 


1.2685 


1.2621 




i.a7it 
















2S7) 


9415 


2151 


8191 


864! 


968« 


963( 
























8415 


£45i 


850< 




8687 


2631 






















2174 


1116 


84.'it 


2601 




S68( 


2B35 














-10 

To" 


stei 


Mw 


2S3S 


8175 


2417 
1.2417 


24i0 


8502 


9545 


9588 


2632 












1.24i2 


l.2aDS 


1.2134 


1.2875 


1.9681 




1.2B7( 












xa5'. 


8^0J 


2335 


21711 


141) 


UtA 




254f 


2G9< 


963.; 
















225! 


2204 


2135 




241! 


8461 


£501 




9591 


2635 
























2411 


24GS 


8601 




2591 


9636 


888( 












54 


M5S 


229( 


233! 


1378 


2120 


2461 


2605 




8692 


2630 


3681 
1.2681 




" 






I.22UG 


1 2131 


1.2171 


1.2421 


1.2401 


I.SSOI 


1.264! 


I.B59I 


1.263; 


1.872C 










2150 


sam 


as3f 


23SI 


2422 


240. 


aso; 


BSS( 




2631 


26B1 


272; 












£S.^; 


i2Dt 


233! 


23b< 




SlOi 


fiso: 




2504 


363) 


26^! 














23it 


aaoh 


8S3< 


2381 


812: 




950) 




2506 


2631 


28S1 














ai5( 


ai-K 


23 tl 


23fii 


242. 




250! 


9551 


8591 




268; 














BMii 


iSO» 


8341 




242. 


84G; 


8510 


255: 


869( 


2610 






"sT 








«' 


4«' 


45' 


44' 


41' 


42" 


41' 


48' 


M*- 


18' 


87' 














wi.™i 


r A|.j~renl DiMJiiiri' i> A-xIhun »I>. Ida tiocond 4:anvcth.n ti I« be liikan Tmn lt>e B<'II>W 

















62 


TAbLE XVII. 


1 






LooASiTHMS of the FiaaT and Second 


CoKltRCTIOHS 








jliwore" »1»Um- Utrr.Hr ibn 












s. 






84' 


«' 


»' 


K' 


ati' 


Stf 1 iW 


ii' 


88' 


88' 


31' 


U' 




1 «7( 


i.iHai 




1 .auM 


.8005 




l.SOil 




l.8i»r 


1 .380b 


1.32AI 


no 








a7n 


l»a: 






aooj 




30G< 


Slot 


SIS» 


320* 


t2SI 












a77i 






aoii 


8001 


am: 


30« 


111! 


Sl.tl 


S201 


S20( 


6H 








2Tli 


aT7« 




8»7i 




a!Nii 


tin: 




sill 


3IUI 


8211 


3801 


S7 








aT»3 


a77i> 


>Ha.i 


a«7i 




aoo: 


HOII 


BWI8 


3111 


31UI 


8211 


3808 


SO 












I.SHaA 




1.8011 


i.ayou;i.soij 


i.300; 


I.3IIS 


t.JlOl 


1.3213 


I.B2C: 
















MHii 


ao^( 


8001 




30OI 


3113 


3103 


3813 


















aw; 


aua<' 


aoot 




3W.i 


Sll-1 


3101 


















aw) 


attii 


8001 




StMM 


311 


BIO- 


S2IJ 


320.; 










»37 :17HI 


IHIfll 


aa74 


aiws 


aofli 


lOlH 




8I|.'> 


BIB.-, 


B2I& 


Bao< 


SI 








i.»aH 


1 .aTMs 


l.aMii* 




i.asea 


l.aoTi 


I.SUIb 


1.3907 


I.8III 


I.1I6I 


l.iaiG 


1.8367 


M 














atiT( 


8U8'{ 




3011 


tout 


sii: 


bib: 


sai: 


820t 


4K 














asTi 


ai8j 


2U7S 


S08( 


BOUI 


811) 


Blot 


S2ltl 




4H 














atiT! 


808^ 


2073! 308 1 


SOW 


31 It 


Slot 


S2ltl 












■J741 


arw 


2wi; 


3M7I 


ton 


8U73 soa; 


S07C 


3111 


SIOU 


S88fl 




40 








1 ^111 




l.WiS 


i.a«(* 


1.80*7 


i.auTii.ioai 




I.3IB1; 


1.1170 


1.1820 


1.387) 


M 












KBS^ 


aHBt 


211^1 


807: 


soa: 




3181 


3171 


3221 


3871 


44 










aTBn 


8HS.: 


IMhI 


8W3P 


807( 


3081 


8073 


318: 


317: 


S82;j 


387; 


48 








•J7.U 




aws; 


aHHi 




ao7i 


3oas 


30T3 


8183 


SI7: 


3823 


S274 


42 








971) 


mm 


ami 


l.ausa 






3030 


3071 


3181 


3173 


3821 


387 ,S 


41 










I.8M1 


i.ai»M;i.308( 


1,3071 


l.iI8J 


















2H3I 


aawi 


auai 


aoTi 


soa: 


8071 


8I8& 




388.1 
















'^SH 


a«H6 


aosj 


aom 


808! 


3077 


3121 


3176 


3aa( 


Bar; 














KHSI 


anw 


8U33 


80SI 


soai 


307* 


3187 


SI77 


3887 


827) 


31 






3i 




8701 


3S1U 


aMM7 


8031 


auMi 


3030 


807M 


sia- 






























1.1121 


1.317t 


i.saat 


1.3884 


S.S 




















3031 


iem 


312! 


317!. 


B83( 




34 






















80HI 


3)31 


8Im 


3831 


S8h: 


13 
















8U31 




303! 


30H1 


Sill 


8IHI 


3831 


satii 


12 






Wl 




B70H 


awi 




aosH 
t.aoau 


r^S 


3031 
I.S0S4 


30H1 


llSli 


SIM 


12311 


sabi 


81 
30 






l.ltHUI 


I.S0S3 


1.8138 


I.31H1 










31.1] 


tru 




SSOl 


aosi 


80h; 


3033 


30Sd 


31S3 


3tH! 






80 








inr,i 






aBU3 


80 It 


2USt! 


303( 


80M.1 




8104 


S83.> 


law 


2H 








117 sa 




9041 


3«1H 


soil 


auBi 


3031 


30HI 




SINS 


8231 


88ni 


8T 








OTOO 






BBOJ 


3048 




303hI 


301)7 


313U 


31 hU 




»»» 


20 
















i.aiMj 




1.3031 


I.3DH1 


1.3137 


l.sitt: 


1.1237 


1 .ia» 
















auM 


ao.ia 




3031 


SOttb 


S13C 


:>lMh 


121t 


32H1 


21 








8TSt 






awn 


aon 


aorn 


8041 


80H1 


313^ 


8IM( 


a^jsi 


8aw 


28 








2TSt 


aHO.-i 




asuf 


aw5 




3011 


BCHK 


313t 


81 hi 


sail 


8201 


22 






10 


nOD 


isn.-i 


3HA'i 


asiih 


8010 


1003 


3048 


800) 


8140 


110( 


8311 


3202 


31 






«ll 


i.aiflc 


i.aom 


i.attti 




i.aoK 




I.30.IJ 


1.8001 


I.BllI 




1.3241 


i.32in 


80 






«l 


8T0I 


awii 


a»6! 


SINK 






301! 


BOOS 


sua 




8841 


320] 








«■• 


'iin-i 


Bwnt 


aasi 


aui)i 


9U4t 




BOll 


8003 


3113 


■to: 


884: 


1801 


IN 














atiui 




8UUI 




lOOd 


8143 


sio: 


881] 


laoj 


IT 






41 


3701 


asou 


atisA 


auua 


aoio 


8007 


BOH 


BOOS 


3144 


IIOI 


384S 


8800 


10 








i.anu 


l.aNU 


1.8M( 


i.auus 


i.so.-.t 






l.iUOU 


1.8149 


i.siu; 


1.3841 


1.8207 


IS 






4(1 


uiiin 


aHii 


9br>- 


auoi 


8041 


800! 


30 K 


vm 


811( 


snK 


3811 


S80t 


14 






47 


attki 


auii 


asii 




8'ISl 


80(l( 


30 U 


1001 




silt; 




3201 








4tl 


iiiui 


XHU 


38A1 


•MOf. 


80SS 




30JI 


sow 






3841 


3301 








4U 


8707 


IHIS 


awiu 


auoi 


8ltS4 


SUOI 


SflSO 


sooo 


31 1» 


SlOh 


3810 


8300 


11 








I.:IT(I» 






i.aiwi 


i.aosj 






1.3101 


1,1141 


I.BIW 


1 .825( 


1 .8301 








A1 


»lll 




auDi 


Mot 


SMJ 


■OD! 


iOK 


1101 


iUH 


380< 


88.i1 




fl 






AV 


aTO! 




axs: 


awi 


20St 


100] 


3031 


8101 


SIfil 


8801 


aa.i: 








M 


8771 






8001 


80S1 


lO'JS 


BUS! 


8101 


816J 


380: 


Ba.i3 








ai 


am 




aHiJs 


auio 


80SS 




SOSl 


3103 


31SS 


saos 


a8.'.3 


Bios] 
















l.8Wt 


Moot 






I.81S3 


1.320- 


I.B2J< 








til 








aoh 






BOAf 




S1S4 


1204 


32SI 




4 






ftT 




anil 




am-. 


8WI( 


soot 






Sl.^fi 


8SO: 


12S( 


ssd: 








KH 


9774 


iHa. 


aMH 


aui! 


aoiii 








SISO 


8204 


S23: 


3301 








nti 


a7T(i 


axai 


anoi 


801 1 


3IKIJ 


snn( 




8107 


SIS7 


88O: 


12$) 


8301 








CD 


S7Ta 


anti 


SBatt 


9!tl3 


306] 


301. 


30SI 


8ioe 


81SB 


J80t 


B2S1I 












»sH 


St' 




»-f 


31' 


ao' 


ao- 


SM' 


37 ■ 


20' 


3.i' 


i.' 


H. 








fltin the A|>rarual DliUnca !• I'M »Mn 1W°. Iha Hcconil rvrrnU 


Hill >o hu uki.-n fmin txa Ikiiwa 










, 



~" 












~ ■ ' 


TARLE XVII. 










A3 


"" 




LooARiTHMs of theFlKST 


nnd SecoND Co&hectiohs. 








The Flm CorrecUDH it alwart to be Ukcn fruio Uic Top, ■ud ■too the Bnoi.il, nhen tkn 








A,.p.™t Dl.l.a,«i. .,-,-<,r<U»» «... 




s. 






a«' 


37' 


3a' 


lu- 


40' 


41' 


42' 


43' 


41' 


45' 


4U' 


iT 






1.3JIU 






1.3168 


1.8G2S 


l.li7t> 


1.3632 


I.1G88 


i -iTij 


1.3802 


1.1800 


1.1019 


60 








3311 


33G.1 




310U 


1S23 


1ST7 


S631 


1U8U 


1740 


■801 


1801 


I9a;t 


59 






3 


Silii 




S416I 




1S24 




3034 


1600 


1740 


■801 


1802 


■921 








S 


3313 






3471 


3.12.. 




S63S 


1691 






IKUS 


3022 








4 


MIS 


SSGi 


34 1» 




liSS 


3581 


3615 


3692 


17 IH 


BHO( 




iinii 

I.SU24 


i2 






l.UI'l 


I.SlWi 


l.34l« 


fTMia 


1.3526 


1.1581 


l.lUUi 


LSe-JS 


I.37IU 


1.3n0; 






6 


»1& 


S3G7 


1426 


1473 


352; 


1582 


1617 


3694 


1750 


3n08 


1866 


11121 


54 






7 


SllG 


136M 


1421 


M7J 




1583 


3631 


3605 


1T5I 




1807 


iilM 


51 






e 


3117 


S3G9 


1122 


SI7S 


3&29 


1.-.8I 


S639I 


1605 


1762 




1^6-- 


1927 


52 






, 


31IR 


3370 


3423 


H7(i 


3630! 158.^ 


sum 


SG06 


1731 


381 1 
1.3812 


iTbStu 


1928 
l.lOilU 








1.331'JI 


rsiVi 


1.34iU 


1.1177 


I.3SS1 


1.1586 


i.seiT 


1.169/ 


1.3751 




a 


13111 


3379 


3424 


UTi 


SSI2 


lCi87 


3642 


W98 


1755 


■813 


1871 


1030 










1320 


3372 


1423 


147<l 


sss: 


i:.87 


1643 


■6U<r 


175(1 


SHU 


1872 


1931 










3311 


3371 


342& 


14Hn 


3531 


358n 


1611 


1700 


1757 


IB 15 


1873 


1032' 


47 






u" 


3322 


1374 


3427 


14HU 


S53^ 


i.Wi 


36l.i 


3701 


8758 


1816 
1.S8IT 


1874 

1.3875 


lull 
I.IUII 


«<l 








I.342H 


1.S4SI 


1.35SJ 


1.1.^90 


1.3616 


1.1702 


1.1T5U 




16 


3321 


S37I! 


342<Ji 


1182 


35S6 


1591 


1647 


3703 


STOO 


1818 


3876 


smi 








U 


312-> 


)377 


1430 




SS37 


3505 




1T04 


1761 


181 d 


3877 


19K> 








18 


31S> 


137H 


1431 


1484 


■sia 




)61( 


1705 


1762 18191 


3878 


19« 


42 








3126 


33TU 


3431 


148S 


S5a9 


SfitU 


■610 


S706 


(761 S82(r 1870 


1938 
1.191U 


"40" 






1.5327 


1.3S7U 


1.1432 


1.148a 


1.1541 


i.ssga 


1.36(0 


1 .3707 


l.SJ64l.lt2ll.8nm« 




21 


3128 


3SS0 


M» 


1497 




3596 


3651 


S708 


1765 18W lb8l 


1.40 


19 






22 


13211 


1181 


34J4 


S48ft 


1541 


3597 


16.^2 


8700 


■700 1821 


S8l-a 


1U4I 


IM 






21 




11S2 




1488 


1511 


S5W 


1653 


170U 


■767 1X21 




SU42 


17 






21 


3331| .IM 


1411 




1541 




sesi 


i;|ii 


3768 1825 


1881 


1041 


S6 






Z.'i 


i.sisi 


l.lStkl 




I.34M 


1.1S45 




1.S655 


1.1711 


l.l76Bl.Sftit9 


i.MilJ 


r.iM; 


'm 






26 


3332 


UM5 


1431) 


3191 


1515 




»65i 


1712 


1769 StW 


1880 


104.. 


14 








3333 


SDW 


1438 


1493 


1516 


S60) 


■657 


1711 


Sllol 18» 


•887 


S<M4i 


11 








3131 


3180 


1439 


3493 


S54J 


uox 


■658 


1711 


1771 »8ao 


■686 


■947 


» 






83 


3315 


i.mw 


3440| IIW 
1.3411 1.349± 


3548 


seia 


■05D 


1715 


■772 ■*« 


■ew 


■Vlh 

l.MUb 


11 
M 




M 


i.lSJC 


l.SSIO 


1.160? 


i.UM 


1.1716 


1.177^1.1ltli 


i.snM 




11 


3337 


11S»I 


sua' 319C 


SfiSO 


1605 




1717 


■774 M»H 


■891 


■WO 


36 






13 


3338 


1190 




1551 


1606 


■663 


S7I9 


1775 M>S) 


IMtt 










11 


13M 


1191 


3111 1I9H 


1559 


1607 


Sa6S 


S7IS 


S77« VSti 


1891 


WH 


n 






>4 


)31<* 


139* 


34U} 1149 


3553 


S60' 


■661 


■7M 


■777 tmi 


1891 


1951 


M 




a 


l.3M(r 


1.1391 


1.11161.3^ 


I.15M 


I.SM 


rsa 


I.S72i 


i.nii i.tat 


I.MM 




K 


»4I 


1393 


311& ISOI 


SU* 


jeii 


MM 


t7St 


«7« vsn 




■uu 








37 


»IS 


3391 


31471 3i02 


S5SS 


HI! 


>«e« 


■721 


S7M WW) 


>8tn 


HM 


21 






IS 


U4> 


339> 


MW IMO 


«»• 


Mil 


■607 


S7t4 


S7BI VSVt 


MM 


MW7 


22 






»9 


3144 


»9& 


144» not 


SUT 


Kll 


■Mb 


*72> 


vn% VM 


■•H 


■0*8 


"»" 






I.134& 


1. 3197,1 .31J01.3MU 


I.SW 


[i.ieu 


i.saa 


riTM 


l.a7M'l.)MI 


|i.ww 


I.IW9 






13U[ 33%j 31«1 ISOg 


>5W 


Ml< 


■670 


1727 


t7M SMS 


KWI 


liNM 








43 


314d IIW' 31^2 3iaa 


UM 


»u 


■671 


S727 


■1M *Htt 




wet 








43 


3117; HOW 34±I liOT 


S5«l 


Ml 


3«72 


t>» 


SIM SMI 


»M» 


K»i 


IT 






41 


331' 3100) 34S1 3«M 


■MB 


S«IJ 


■672 


■739 WM[ ViU 


\-*!?*i 


IMS 


li 






1. 334*1.1101:1 .34f4.l.>i03tl.)MI 


LMia 


I.MI74 


I.S7Mi.S7W,I.S>MI 


I.KNMI.8MU 




46 


»»S# 31021 


ItMl Sill 


SMI 


BSD 


■•75 


■711 1 StttM v>n 


mm tMi 


H 








Will 3t0] 


Ui^ S5II 


U6i 




MT« 


trad S7W sMe 


nm 




U 








»3Sl{ 3101 


"*3 siij 


S5« 


MSI 


■•77 


t7n^ S79I »tM 


torn 


19o: 


U 






49 


3321- 310^ 




SM» tm 


1«77 


S7Sl| 1792 WIM 




r^ 


IT 




i.suii.iios 


t.3U9l.3llS'l.lvni.iaZSlil.3<IT« 


l.l7M!l.S7asil.l^i 


rwi* 






»>|l 3107 UfiO 3,11. 3M0 16239 >67» 


17*li S7l»j »»> 

S73;; S7»|l vat 

STS8I S7«5 >V.l 


Mil 













33UI 310«: 3161 %i\i. tAUb IM* 


MM 


MM 


SMI 


• 








SU« 3I0•^ 31& S^l«: tilt M» 


SWI 


MIS 


SMI 


? 






H 


13S71 J4» 3110, i-.ift I'.ri: MH 


Mfn 


S7S^ J7Q>f S«» 


siiii 


■Ml 


» 






M 


1 .UUl. Ill* 1 IKl 1 .1317 1 .1^111 .MX 


1 .SWWI .S7«9 1 .>;!>I: I -lAM 


i.itiii,i.wnt, 


• 






M 


SI*"' Sill lUI 111- 3171 vtm 


SM4^ S71li S7M] i-^M* 


K„i w* 


4 






*7 


m* 3IIX ll« 3;]tr 3371 MJi 


S«W t7IX 


S71M| 1457 


lSt|7 »«• 


S 






M 


»W, S113, SMI* iiHr S>II| tCU 


MM IT« 


vmA »»Mi 


tn» »wj 


S 






4» 


S3«l S4I1. 31fi7' 3SlM SI'ft Mil 


ma STM 


MM mm 


MU M7f> 


1 








IMS itli 


SIM 


3iXd JA-.ti MM 


M« aTM 


H«i) MM 


Mu wn 


• 






tr\ tx 


^ TT 


.Tl lyl IV 


ij* ur 


wl ir 


ttr If 




* «Mun. 






.^ 







64 




TABLE XVII. 1 






LoOAftiriiMfl of iJie Fiuht and Srcond CoKBECTii»f4. 








Tlw fl»il I 


urr««« t. •«^^*„»|;^;"^^;,^ni;.^'i^ "" """-^ '*™ •*" 




8. 






4f 


*U' 


iV 


SI' 


13' 


53' 


51' 


55' 


5(1' 


67' 


M- 


5.. 










1.410! 


1.4104 


1.433h 


1.430! 






1.441)1 


1.4551 


1.4031 


















4io; 


4221 


43u: 


41 .» 






45U! 


403 ( 


17U! 
















4I» 


43HI 




415! 




441): 


4501 


403! 


4701 














4iu; 


4105 


4331 


43Un 


4101 


4137 


41U, 


450; 


4031 


4702 


57 








»0M3 


404; 


41 U( 




4333 


4300 


4101 


44 3t 


4105 


4501 


4033 


4701 


50 








I.B9M. 










1 .4207 




1.4431 


















ioh: 




4(0> 


4171 




*-M> 






410h 






4707 


51 










40 n 


4101 


4171 




4301 




4431 


410! 






41 Or 












4U4r 




417a 


4331 


430! 




4431 




45(1! 


403" 


4701 








~ 


St*H 
I.8W 


4U|; 


4111 


4174 


4!(a7 




4307 


443n 


4501 


457f 




471(1 








1.4113 






I.4»0! 




1 .4185 


1.4AU2 


.4671 


1.4011 




50 






sum 


40SI 


4111 


4I7( 


4331 


4301 




4431 




4572 


4011 


47 1-. 










sum 


4wt: 


4I1J 


41T7 


4SI( 


4105 






















awn 


4US! 


41 IJ 


4l7t 




4101 


4171 




4301 


457' 


4011 




47 








ami 


403 1 




417(i 


4213 






44311 


4507 


4,175 


4015 


4710 


45 










l-40i( 


l.41[7 


I.4IW 


1.424' 


:.4So« 


;.«7. 


.4441 


..44W 


.467! 


.4041 


.4715 


4k 










40*( 


41tJ 


41M1 


434.-, 


410! 


437.-. 


4141 


4601 


4571 


401) 


471IJ 


44 












4111 


41 HI 


4241 


43i<: 


437( 


444! 




4571 


401! 


4731 


48 












lint 


4lH! 


4211 


4111 




441'! 


4511 


45 M( 


4I15( 


4731 










smtt 


4000 


11:^1 


4IH4' 


484h 


4113 


417 H 


441.1 


4J)I2 


45HI 




4722 


41 












1 41«i 


I.4IW 


1.4241 


.4314 


: .4170 


.4110 


,45 U 


.45H2 


.41151 


.4731 


4(> 








4001 


4001 


411! 


4IH 


iiu 


411.1 


41H1 


4415 


451.1 


43»4 


405! 


4731 












4M13 


4131 


41 HI 


4S31 


43K 


43HI 


iUi 


4510 


45B5 


M5; 


4731 














4121 


41H1 


4331 


4117 


43n; 


4141 


451^ 


4*m. 


411I,( 


4737 








u 


400^ 


40UA 


4lil7 


4IBfl 


4!.-.a 


41IB 


41M1 


4450 


45If 


46)17 


46,17 


4728 


36 








L4WM 












.445j 


















4UU1 


413!; 


4101 




43 3( 


43HI 




d53( 


43H! 


405! 


4731 












40n' 


4 Lit 


411): 


4331 




4in5 






451l( 


4001 


471-i 










4UU' 


400! 


4131 


410, 






41M* 


4451! 


4433 


4601 


41103 


473a 








3U 


40111) 
1.4010 


4070 


413S 


4 103 


4I.VJ 


4333 


43N0 


44,1 [ 


4B31 


4501 


4ii03 


4731 






I.4UTI 


L4I3S 


I.41IM 


1.4S(lf 


.4325 




,4155 


..4531 


..460. 


..4004 


.471,1 








4011 


40T1 


4I.1J 


4107 


4201 


4331: 




44,V 


4S3( 


450; 


4005 


4731 










4011 


4071 


413.1 


iim 


4201 


4337 


4303 


445! 


4525 


45iH 


4001 


4735 


3H 






11 


401! 


407J 


4131 


41011 


420! 


433ti 


4801 


4401 


45ah 




4M> 


4731 


M 






14 


4nij 


407.1 




4300 


42(1. 


432t 


4105 


410: 


4S3( 


4G1I9 


4C0y 


4740 












1.4071 


L4I3H 


1.4301 


[.laiit 


1.4331: 


1.43IM: 


..44<i: 


1.1531 


;.4(HK 


1.4071 


1.4741 


35 








40U 




4131 


41101 


420( 


4331 


4307 


440; 


4G31 


4001 


4071 


4749 


24 








401] 




4111 


430; 


4201 


413:1 


430^ 


4405 


4531 


4001 


407S 


4741 


HI 








4" If 


4071 




430; 


420f 


433a 


43U1. 


4401 


4534 


■4003 


4071 


4745 








io 


mill 


40MO 


41 IK 


430.1 




4331 


4400 


4107 


4b3S 
I.IUQ 


400J 


407,-. 


4740 


ai 






1 .iUUii 


I,4UM1 


1,41 IS 


t.430< 


1.4271 


. .43.15 




..44W 


;.4U0( 




1.4747 










40H1 


4IM 


4301 


4171 




4403 


4101 




4001 


4077 


471t 










4031 


*im 


41 in 


430! 


427! 




4401 


4471 




4«0f 


407( 


475« 


IH 








4033 


40W 


4141 


431 ( 


427. 




440S 


4171 


4S4I 


400! 


4071 


47SI 






\ 


44 


4031 


40>» 


4147 


4311 


4375 


4340 


4IIIU 


4473 


4,111 


401(1 


40HO 


4752 


10 






1.403: 




1.4141 


i.iai: 




1.431! 


1.4407 


1.4471 


1.4511! 


1.4011 


1.40M1 




15 




tit 


403( 


40H1 


4ISt 


431 : 


4375 


4S11 




447i 


4511 


4011 


40H! 


475< 


14 






41 


4031 


40H> 


41&1 


421. 


427( 


4141 


illll. 


41 7( 


4511 


4011 


4081 


4751 












40HI 


ilH 




4271 




44lt 


4471 






40H5 


47K5 


13 






40 


403i) 


400(1 


41S3 


4ai( 


42^0 




4411 


447U 


4511 


4010 


4GH0 


475M 


11 






"So 


1.4031 


I.40U1 


i.im 


i.43i; 


1 .43H1 


L.434( 


1.4411 


1.44«( 


1.4511 


L.40I1 


1.408) 




10 








40SI 


40U1 


4 LIS 


4811 


43H1 


4341 


UU 


4481 


45111 


401* 


4081 


4701 








nil 


4031 


40U3 


4ia( 


4211 


42H8 


4911 


44 If 


44S1 


45,1( 


dOll 


dOUl 


4701 


8 






an 


403! 


4oy( 


41.1] 


4331 


428J 


4I.->I 




418! 


4551 


4021 


401)1 


47(11 








u 


4034 


40IIU 


4108 


4331 


42H5 


43,11 


4417 


4181 


4553 


4023 
r40M 


4002 

1.4001 


4701 
1.470,1 






L.403f 


i.4o<n 


1.4151 


1 .4331 


1.4285 


1 ,4351 


1.441) 


1.44tU 








403( 


40!H 


41IH 


43!) 


43HII 


435! 


4411 


41M 


4551 


403< 


40111 


170( 


4 








4u;!l 


4091 


4101 


433,1 


42HI 


435.; 


44)< 


4I8> 


4551 


1021 


4e!N 


470!' 










4011 


4101 


4101 


433( 


431)( 


43S; 


443! 


4IH1 


41151 


4021 


4001 


4701 










403! 


4101 


410: 


43111 


4sai 


4151 


4431 


4401 


4,15( 


40U! 


400) 














4103 


4 1114 


43ie 


42U2 


4357 


4434 


4401 


455» 


4031 


4(100 












li' 


10' 


0' 


h- 


r 


U' 


5' 


4' 


8' 




r 


0' 










wi.M(iiB*m» 
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TABLE XVIt. 66 1 








LooAiiiTHMS of the First 


and^^ 


Ecosn Corrections. 






























s 


4 BtemiES. 


60 


0' 


I' 


a' 


S' 


i' 


6' 


«' 


1.6310 


1.5393 


iTsiT? 


1 .5663 


r&iMi 










1.614! 














409.^ 




516f 




6111 
























499? 




6151 




631! 
























499r 


5075 


Sis; 




63IJ 


5S97 














4 


tut 


4841 


4923 


4999 




5151 


6234 


5315 


S39S 
1,5400 


1.6484 


1.6670 


1.6668 




































607! 




62S5 




5401 


548C 
















485! 


4021 


G003 




6151 


6a3» 




























S0B1 


SI 01 


5241 


















9 


4IB* 


48oS 


403{ 


S005 


6081 


616) 


6211 


1 .5324 


I.S4U7 


1.5491 


1.5678 


1.5066 


f3 










i.sum 


I.SOM 


1.S101 


1.62IS 


















621.1 


6325 






























6241 


5S2( 






















4035 


son 


B»8t 


5101 




532» 
















14 


47B8 




4930 


sola 


5989 


S1S8 


6248 


6329 
1.6131 


t.S414 






1.S673 


46 




IS 


























SOUl 




6251 




5415 


G50C 






















soo: 




5251 




6410 




























6a5! 




64 If 














19 




4808 






5095 




5254 
I .6250 


6331 


641S 












I 6837 


1.5421 


1.550f 


1.5592 


1.6680 


40 


















625; 


6381 


642i 




























625> 


6341 






























5SC( 


6341 
















84 




4HTJ 


49.11 




5102 


6181 


6aui 


534! 




1.5513 


1.6599 






















1.5344 


1,5488 


1.5688 


35 




2r> 
















534C 


542( 


















4952 


50?^ 


SIOT 






6341 


543C 






















5031 


6107 


SIM 




534» 


643a 














CO 


4S0G 


4B8( 




5031 


5 log 


618; 


6208 


6350 


5433 


D518 




1.5093 


W 








1 5351 


1 .6436 


1.66)( 


1.5807 
















5271 


6153 


S13C 


6521 


























5275 


6154 






























587! 


6355 


543!: 


5521 












HI 


4sia 


4B80 


4901 


S037 


6115 


5191 


5875 


6357 


6440 


652l> 
I .5527 


6013 


























1.544! 






















587] 


63St 


544! 


5521 




















5041 




519f 


6871 


6301 


S44i 


6SS1 




















S043 






S88( 


6Sftl 
















39 


481) 


4891 


4961 


soil 


Sliil 


6801 


6281 


6301 


5447 


6533 




1.5710 




















1.6306 


:.644! 




.5021 








48!>» 


4B70 


5040 


512^ 


520! 


628) 


6306 


6461 


















489G 


4971 


soil: 


5125 


s2o; 




6SGt 
































530!! 
















44 


4S25 


4890 


4974 




6128 


6207 


62SW 


5370 










— 






































4971) 


S053 


5131 


5210 


5891 


6373 


5451 




SS30 


















SOSJ 




6211 


6291 


5375 
























S055 


513! 


saK 


629^ 


5370 


54GC 














49 

GO 


4B31 
1.48« 


4905 
1.4906 


1.4901 


S057 
1.505B 


6135 


6214 


6295 

1.5296 

6298 


5377 

1.637U 

6380 


5401 
5404 


1.S549 

5560 




1.6785 
6737 


15" 




I.5C3C 
5637 






















6291 


53W 






























5301 


638! 


















483T 


4911 


4980 


1.5004 


5141 




SSOi 


5384 










-^ 












1.5143 


1,6222 


1.530! 


1.3386 


1.5471 


1.655C 














4981 


5001 


514 


522! 




638; 


5471 




















4991 


500- 


514.' 


5225 




638! 


647! 














S8 














53 o; 


6394 


647- 




























6391 


6476 














90 


1844 


4918 


4991 


S07I 


5141 


5229 


5310 


6393 


6477 


5603 






'sT 




iV 


*.' 


sr 


50' 


55' 


64' 


53' 


62' 


61' 


60' 


49' 








S DEOBEai. 






« App> 


rent OuMdu I> 


!,„ll,WWO,thB 


BseoBd 


^rrectiuntiiolw taken from HieUatwm 




1 



TABLE XVn. 
LooARiTiiHS of the First and SecohD ConnvcTiosi. 













Aj. 


»nMO_ 






s. 




4 ueshef,!. 






rsTi" 


IS' 


11' 


15' 


w 


17' 


18' 


lU' 


20' 


21' 
1.064S 


aa' 

1.675. 


23' 
1.687 


— 




1.583: 




1.U02 


1.611 


1.6211 


t.osai 


1.642 


1.653 






5T4 


683: 




«Kr 


612 


6231 


632; 


642 


063 


064 


675 


68731 60 1 






ST4 


6835 


69g 


602 


612 


632 


632 


642 


663( 6641 


075 










574 


683i 




002 


612; 


GS2: 


G325 


6(3 


663t 061: 


076 


687 








BT4 


6838 


693 


602 


612 


6S25 


6327 


643 


6630 6050 


076 
1.67GI 


087'- 


66 






I.57J 


1.6S1! 


1.693 


1.002 


1.612 


l.G32t 


1.632! 


1.4i43 


1.654 


1.665: 


1.688 


65 








5B4 


603 


603 


612 


G22t 


633; 


643 


66131 6651 














684; 


603 


003 


613 


6231 


6331 


643 


654 


0655 


670 












684. 


503 


003 


013 


633: 


633. 


643 


654 


065: 










IT 




68ia 


603 


003 


6133 


ria33 


6S30 


644 


654 


6659 




6881 


61 




1.575, 




1.694 


1.603 


1.613 


1.6235 


1.633( 


1.644; 


L.G55 


i.ooo: 


1.677 


l.ObW 






575 


S84! 


694 


603 


613 


6B3; 


633! 


644. 


665 


060; 


677 


089: 








575; 






604 


613; 


623! 


634; 


0441 


665 


OCO.' 


677 


08* 








5Tfii 




504 


604; 


614. 


62J( 


63i: 


0441 


665 


8061 


678 


089< 








SIfl 


5S53 


694 


6043 


614 


6212 


<a44 


6450 


6558 6668 


078 


0898 


46 






l.57r.; 




1.694! 


1.604 


1 .614: 


1.624) 


1 .6341 


1.045 




J. 6671 


1.67)* 


I.GOIM 






STC5 




fiosi 


6041 


6(45 


6S43 


G14) 


M5; 


666 


667i 


678j 


090: 


44 






57ft 




505: 


604; 


C14< 


6241 


636 ( 


6455 




667< 


678' 


090- 










5861 


53.1 


6051 


6141 


624) 


6161 


645: 




66T( 


678! 


O90( 


4a 








68GI 


BOSS 


6051 


6150 


6260 


0353 


0459 


0607 


6677 


079 


699) 


41 




YO 


1.577 


1 .680! 


1.696 


1.605! 


1.615 


1.6851 


1.6356 


1.6461 


1.6501 


1.6671 






40 




21 


677; 


&8ft: 




6055 


6151 


6BS^ 


6351 


6461 


6371 


6681 


6791 


ouii 






HH 


577- 


58ti(i 




BOSI 


6155 


6255 


G35E 


6dG, 


6S7: 


668; 


670' 


691 J 






7» 


5775 


SSUi 


690 


eo.'if 


G15I 


6251 


03GC 


64 6( 


067. 


668S 


0791 


691( 








5777 


SBM 


6963 


6059 


6158 


62,i9 


6SGi 


6467 


6670 


6687 


C80: 


691t 


30 






l.88T( 


1.50H; 


i.G061 




1.6260 


l.(;S64 


1.0460 




1.668! 


1.6893 


1.6920 


U 




W 




S87S 


6066 


606: 


niGi 


eaiii 


0365 


6471 




oeoi 


6805 


eU22 


u 




■11 




S87J 


696! 


606, 


01 Gv 


626. 


6367 






6602 


680; 


602! 


93 




Th 


57« 


5875 


690! 


006d 


6163 


0205 


636! 




668: 


669J 


680! 


6026 


3a 




Xi 




6877 


5971 


6067 


6106 


0267 


6371 


647( 


6686 


6696 


6BI0 


6928 


31 








1.587t 


I.5y7! 


1.606! 


[.616! 


1.6261 


.6S7S 


.6471 


1.0681 


1.6691; 




1.6030 










sesc 


897< 


6071 


616! 


6371 


OB74 


6481 


658! 


6701 


681: 


6032 








£781 


5881 


6970 


6072 


6171 


027i 


6B7G 


648! 


6691 


670i 


6616 


6934 








57!K 


5883 


5971 


607^ 


617! 


6274 


6377 


648- 


6592 


670i 


681^ 


093(1 






n 




5881 


5070 


6070 


6174 


6276 


6S79 


6485 


6691 


6706 


682U 


093! 


26 






.57i)3 


!.S88(} 


.6981 


1.6075 


L.6I76 










1.6708 


.6822 




^ 






S705 






6ft75 


617( 


oa7Si 


6383 








6824 


UOIS 


34 






S70C 


5880 


598) 


608] 


6171 


698 1 


6381 


8401 






6821, 


604J 


33 




UK 


S79t 


58DI 


5985 


6082 


6181 


6382 


6386 


6402 


660] 




8»2t 


0016 


n 




89 


SSOO 


58S2 


69S7 


6084 


6183 


6281 


6388 


6404 


6603 


6716 


6830 


fiOIB 


31 






.5B0I 


.S8H4 


.5981 


.6081 


.6183 


.0386 


.6300 


.6406 


.6605 


1.6717 


.6831,1.0900 








ssn; 


5895 


599( 


6087 


6186 


628t 


6391 


6408 


0007 


6711 


6834 


6962 








680^ 


5897 


5902 


806! 


6iBa 


6281 


03D:< 


6501 


GOO! 


6721 


683G 


GB5J 








ssun 


fiS'JH 


a!»; 


600! 


6190 


G201 


6305 


6501 


6011 


672; 


6638 








44 


5807 


BDOO 


6995 


6092 


6191 


0203 


6307 


6503 


6012 


6725 


0810 


0»6B 


16 






.680! 


.61K>2 




.6004 


.fli!(3 


.629; 


.639tl 


.OS05 




.6726 


.6841 


.6eG( 


16 






581( 


5903 


Boot 




0195 


fi29G 


640(1 






6T2t 


6843 


GtHi2 


14 




Al 


581S 






6097 


OI'JO 


6398 


O102 








6&15 


6IIG, 


11 






5813 


SDOO 


600 1 


609!i 


6I9t 


030(1 


OJOl 








6S47 


6906 


IS 




49 


5815 


6908 


6003 


6100 


6200 


0301 


640G 


6512 


06-22 


6734 
.6736 


6«19 


69GS 
.097< 


11 




If. 


.581G 


.59WI 


.6006 


,6102 


.6301 


.6303 


.6407 




.6024 






6811- 


B9U 


OOOG 


6103 


6205 


6305 


MG9 


6SIG 


002 i 


eT3t 


0*53 










5St! 


5913 


Boot- 


6105 


6205 


630G 


0411 


651) 


6027 


6740 


0856 










5321 


691 J 


000!) 


6107 


6200 


630B 


M\i 


651! 


002D 


0742 


6857 








6* 


5833 


591C 


6011 


6108 


6908 
.6210 


6310 


04N 


662] 


6631 


6743 


GS69 


0978 


6 






.683: 




001 S 


.6415 


.6,52! 


.6633 


.674i 


.6861 


.6»8I 






S8a(i 


591< 


0014 


0112 


6211 




6418 


0625 


663a 


0741 


6363 


GB8S 


4 






6821 


soa( 


6016 


6113 


(du 




6420 


8521 


6637 


671! 


6365 


61181 


I 






582! 


6922 


6017 


6115 


62 IS 






asai 


B«3(l 


0751 


0B67 


e»8G 


i 






58301 


6024 


6010 


6117 


6816 


osia 


6423 


6S3< 


661(1 


075S 


086S 


6988 


I 




m 


5m 


5023 


6031 


6118 


eaiB 


6320 64251 


6632 


6612 


67S5 


6871 6«90| 









47' 1 


4G' 


45' 


44' 




'« .,. 1 


40' 


8U' 




37' 1 36' 1 


s. 
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TABLE XVir. 67 | 








Logarithms of the FiHST 


and Second Corhections. 








Tlie rint CorrecUuo li ^l»a^ tu be Ukcu > 


om Uip Tou, anil »lso We SMOad. wUe» Ih* 


s. 


JBESAIU. 




34' 


lb- 


30' 


27' 


28' 


3U' 




ai' 


12- 1 33' 




55' 






l,7'^:« 


l.73r* 


:.75U] 


1.7631 


l.77)M 


1.792t 




L.B403 


1.B57; 












7241 


737( 




7641 


77!W 


7931 




824S 
















Tin 


7342 


737i 


7501 


7014 


778t 


7931 


8«8( 
























7S0( 


704( 


778! 


79S( 




















7 lit 




7171 


7fili 


76H 


77111 






825i 




















1 737. 






l,771M 


L.7911 


i.soai 


1.825:1 


1.8417 


l.Boat. 


55 








TdlH 


7tZ4 


7251 


7Sttl 


7S1S 


7651 


7796 


7944 


809! 


8255 


842t 




64 










71X1 


7853 


7»(ti 


7il7 


7655 


779( 


794 £ 


8891 


88.^1^ 


8423 


850 


53 










7iai 


7865 


7*»5 


7SU 


765) 


7H0I 


794! 


8101 


8201 


S42.3 




52 




















780! 


7951 


81 W 


82G3 


W2f 


8501 


51 














1.73WI 




1.76U3 


1.7806 


i .7W4 


1 .8107 


1.8866 


1.8431 


1.860i 


SO 














73B1 


7S2G 


7665 


780) 


795( 




886' 






49 










713; 


7201 


7»9< 




766; 


7811 


795! 




8271 




















73U( 




7671 


781! 






8274 












14 




7141 


7iai 


739h 


T53J 


767! 




7BG4 




8877 












r~ 




1 7U' 


l.7a7« 


1.710 


1.7535 


1.7674 


1.781)1 


L.79W 


1.8121 


l.887( 


1.8445 


1.861 1 


45 










7145 


73;i 


740; 


7a3S 


767; 


7621 


7961 


812: 


8881 


844s 


862! 


44 










714; 


7a7< 




7S4( 


76TS 


782: 


7971 


8l2i 


8285 


8451 


862J 


M 












7a;6 


740; 




768: 


7825 


7974 


812) 


888t 


SI5! 


662!; 


48 






10 


TO^B 


7la:t 


727U 


7409 


751 


7liMJ 




7971 


8131 


8809 


8450 


862U| 


41 










l.715< 


l.7aMl 


1.741: 


1.7541 


1.768G 


1.7831 


1.7B71 




1.829i 


l.»J5t 


1.8635 
















741. 






7SSi 


7981 




8891 


8401 


B63i; 












71SB 


7385 


7411 


755 


7691 




798- 




8201 


8465 


863; 


88 










7IGI 


7aM 


741t 


7.« 


769: 




79b; 




8S0I 


840; 










M 




71112 




7421 


755t 


7696 


7840 






8304 


8470 


tMii 












I.71& 




1.743, 


1.7&5I 


l.I6in 




























7425 


7fiei 


77 0( 
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2 42 
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3 16 


a 3 

5 i 

a 7 
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3 41 
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80 
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li 
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UO 
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ao" 
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■! 71 




f: *: 


f a: 


3 i 


3 11 


3 11 


3 21 


3 31 


3 3h 


3 42-3 4fi 
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J 40 




8" 
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S 1: 
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7 

e 


ID 
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2 28 
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1 6 

2 
2 4 

2 H 
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a ifl 


1 5 

rr 
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2 3 

■i E 


2 4 

1 si 

t 54 
1 53 

1 53 
1 57 

1 SO 

2 1 

3 4 


2 1 
2 
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1 5 
I 5- 
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1 5 
1 S 
2 


a 1022Si 4 
2 7 2 ICZ 2 

I 56 2 o[2 


3 5 
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3 27 
3 1 
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2 37 3 4 
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3 34 3 43)2 50 


1 S4 
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1 57 
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1 5B 
1 57 
1 55 
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9 
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3 IS 
2 7 
2 3 
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a 12 3 1 
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3 39 
3 30 

3 23 
2 17 
2 13 


2 47 
2 37 
2 39 
2 22 
2 17 


U 
19 
13 
14 
IS 

20 


i 47 
i 6J 

J a 

3 10 
3 17 
3 U^ 
3 32 
3 40 
S 47 
3 SS 


2 32 
■i 37 
^ 13 
J 4U 
J 55 

3 2 
3 ts 
3 13 
3 21 
3 27 

3 33 

1 45 
4~3 

4 a 

4 li 
4 21 
4 27 

4 33 

4 3y 

4 45 
4 51 

4 50 


^21, 
2 25 
2 30 
a 35 
2 'II 


2 13 

1 17 
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2 23 
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2 10 
2 13 
2 10 
220 
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2 3-i 
2 30 
2 40 
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a SS 
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S 
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3 8 
S 12 
3 17 
3 21 
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2 
2 
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rr 
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22 
2 27 
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1 50 1 6 
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t 6fl 

1 57 
1 SS 
3 

a 1 
a B 
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1 55 
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I 57 
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2 
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2 
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Tu 
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3 19 
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■i 
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2 8 
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a 23 
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2 SB 
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3 33 
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1 55 
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I 63 
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li 


21 
23 
93 
24 


20 
27 
28 
»9 

30 
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33 
34 

35 

S7 
3S 
30 
40 
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. 

S"T3 
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i 34 
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S 3H 
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t 27 
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2 63 
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27 
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29 
30 
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33 
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35 
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40 
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4 31 
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4 41 
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4h 
64 

5 


S 43 
3 4b 
3 62 

3 67 
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3 2j 

S 83 
3 41 


i 11 
3 IS 
S IH 
3 3'2 
3 2j 


1 59 
3 2 
3 S 
3 8 
S 11 


a 40 
2 43 
I 46 
1 41 


2 11 

2 13 

a 14 
9 le 


2 4 
2 6 

2 6 

3 7 
3 


I 59 

a 
a 1 

9 3 

a a 


I 60 

1 57 
1 58 

1 30 


1 58 
t 36 
I 37 


1 63 

1 31 

1 34 

55 

55 


43 

48" 
50 

a 

SI 
M 

m 


5 47 
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S 

S 6 

B IH 


.> 2 

S 7 
S 13 
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4 14 
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3 46 

3 4U 
3 63 

3 57 

4 1 


3 20 
3 3^ 

1 31 
3 46 


3 14 
5 17 
) 20 
3 23 
i 20 


i 54 
3 6b 

: SO 




a S8 

a 40 

2 42 

3 44 

i 48 


3 28 

3 28 
2 30 

a 32 
a 35 


9 IT 
9 19 
9 20 
3 22 
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a 10 
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9 13 
2 13 
2 10 
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a 6 
3 7 
3 9 


2 U 
2 1 

t 2 
1 3 
9 5 


1 58 

2 

a 9 
* 3 
a s 
a 6 

a » 


SS 
66 

67 
68 
69 

3 
3 
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S 


49 

40 i 

48 

50 

S3 

64 

66 


> 40 
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1 
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4H 


5 23 

31 
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SI 
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6 7 
5 12 
5 17 
5 22 
5 27 


4 11 

4 n 

4 23 
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4 35 
1 40 

4 60 
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a 


3 6S 

3 63 

4 2 
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3 41 
3 47 
3 62 
3 57 


11 

If 
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27 
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3 50 
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3 3 
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3 30 
3 42 

a 45 

2 48 
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3 31 
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a 13 

2 10 
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29 
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37 
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Hi 
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3 44 
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61 

54 
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31 
33 
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2 20 
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64 
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SO 
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75 
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1' 
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la 
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15 
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S 3fi 

40 

43 

W 
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17 
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48 
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62 
61 
60 
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HI 
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2a 
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37 
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56 
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57 
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68 
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4 2t 


1 41 
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>l 
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a 


ID 
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:i 14 
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1 ai 
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S 14 
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ID 


11 
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3 31 
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1 t 
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2 19 
2 49 
2 49 


a fio 

2 50 


























31 
32 
33 
31 

35 


Sli 
37 
3H 
39 
40 


2 4U 
2 5U 


2 4B 






























36 
37 
38 
39 
40 


42 
43 
44 

19 
10 
47 

48 
4» 
JiO 


- 






— 


- 
























42 
43 
44 
46 


— 


























46 

48 
4!) 
So 


ss 

50 

57 

«0 
01 
C2 
63 
W 
05 
























1 












3iS 


¥r°" 


- 






— 


-- 


46° 


- 


- 


- 


!L 




SJ 


" 


^ 


^ 


" 


1? 






36" 


i;«o' 


10» 


«o 


44= 


In" 


3U- 


,8*^ 


1 



118 TABLE XVIH. 

ThIUD CORKECTION, tO APPARKHT DlBTAXCI 116". 



App 
Alt 


JIPP1.RENT iLTITUDB OF THB BUK, OB 9TAH. 


J'. 

-5- 

25 

ao 

27 
33 
SO 
SO 
SI 
31 
33 
84 
35 
3G 

38 


6" 


JO 


8° 


9" 


Vfi 


ll" 


ISO 


13° 


14- 


15^ 


_16^ 

a 49 

3 32 

Ui 

i 7 


18" 

3 46 
3 32 
3 21 
3 14 


_ao^ 

4 22 
1 
3 44 
3 31 
3 32 


22^^ 

1 39 
4 14 
3 56 
3 42 
3 31 


4 56 
1 28 
1 8 
3 S3 
3 41 


i 13 
4 20 

3 50 

3 39 
3 SU 
* 23 


9 

IT 
12 
13 
U 
IS 


3 60 
2 62 

2 6S 
I 1 

3 7 


2 S2 
2 so 
■i i'J 
2 44 

2 60 


2 54 
2 5^ 
J 5b 
2 52 
2 65 


2 SO 
2 SJ 

1 S3 

2 60 
a S3 


3 4 
2 68 
2 S4 
2 52 
2 61 


3 10 
3 2 
2 57 
2 54 
2 S2 


3 17 
1 8 
3 1 

3 67 


3 25 
a 13 
3 5 
3 

a 57 


) S3 

3 10 
3 10 
3 4 
3 


3 41 

3 b 
3 3 


3 13 
3 20 

S 37 
3 Si 

3 43 


3 4 
3 U 
3 IS 
3 21 
3 37 


2 SB 

; 1 
3 11 

1 11 


2 y. 

3 6 
3 


2 52 

2 54 
> 57 

3 
3 4 


2 51 
a S3 
2 55 

2 67 

3 


3 S3 
•i 52 
9 53 
3 55 

a 47 


2 55 
■i S3 

2 63 

3 63 
8 56 


a 67 

2 55 
a 53 

3 52 

2 53 


3 

a 57 

2 44 
2 43 


S A 
3 U 

■I 38 
i 66 
2 54 


\l 


3 16 
a 10 

3 


3 33 
3 IG 
3 11 
3 7 

3 4 


I 23 

3 12 
i b 


10 
17 

18 

la 

30 


I 41 
J 49 

1 7 
i 16 
4 24 


3 33 
3 40 
3 47 
3 64 
1 1 


3 a; 
3 3: 


iii 


3 18 
3 22 


3 3 

3 G 
3 U 
3 12 

3 16 


3 
3 2 
3 6 
3 8 
3 11 


3 67 

3 4 
3 7 


2 45 

3 511 
3 1 

3 3 


2 44 
a ,'.5 

2 4G 
■1 58 

3 


J 53 
^64 
355 
3 6G 

i 5B 


2 5S 
a G4 

2 65 

3 SG 


2 48 
2 57 
2 50 

a 55 

2 55 


3 1 

i 5U 

a 58 

1 67 


3 5 
3 3 

1 


1 5 
3 3 
3 2 

3 
3 
2 59 


32 
33 
24 
211 


4 33 

4 41 
4 4U 

'I G 


■1 8 
i IS 
4 23 
4 20 


5 '5 

4 10 
4 10 


il; 


a 27 
3 32 
3 37 
3 42 
3 47 


3 20 
3 21 
3 2b 
S 3^ 

3 37 


3 14 
3 17 

3 21 
3 24 
3 2M 
3 32 

B as 

3 30 

a 43 

3 47 


3 
a 12 

3 21 


3 5 
3 IG 


3 4 
3 7 
3 10 
3 13 


3 U 

a 2 
3 4 
3 7 
3 9 


J 67 

r: 

3 2 

3 4 


2 5G 
2 47 
2 48 

2 59 

3 1 


a 56 

2 57 

2 58 

!-: 

3 2 

3 3 
3 4 

3 6 
3 6 
I 8 

3 10 
3 12 

3 15 
3 17 
3 19 
3 20 


i 49 

i 58 
i 58 

2 57 

3 SB 


ST 

» 
30 


5 IS 
i 81 
a II 
S30 

S47 


4 43 
4 SO 

4 67 

5 4 

6 11 


4 34 

4 40 
4 40 


4 11 

4 16 
1 21 

i 26 


3 62 

3 57 

4 1 
1 6 
4 10 


3 41 
3 45 
1 4B 
3 54 

3 G8 


3 24 
3 37 
3 31 
3 34 

3 38 
3 42 
3 45 
3 48 


3 IH 
3 31 
a 24 

a 27 

3 30 


3 14 
a 10 
3 ID 
3 21 

3 S4 


3"a2 
3 35 
3 27 

3 30 
3 33 


3 6 
3 8 
3 
3 11 
3 13 


a 4 
a 5 
a 7 

a 8 


i 59 

rio 


i 58 
a 69 

1 

r~a 

8 8 

a 4 

a G 
3 6 


31 

33 
33 
31 
35 

36 
3T 

IB 
30 
40 


12.J 


s is 

6 36 

S S3 
S 40 
4 4; 


4 St 

4 5 

5 11 

4 17 


4 3: 
1 S3 


t 30 
4 35 


4 2 

4 IJ 
4 16 
4 30 


J 51 
J 55 
I 5U 
4 2 
1 (> 


a 34 
a 37 

3 4U 
8 43 
3 47 


3 27 
3 3U 
3 33 
3 3() 


3 14 
3 17 
3 19 
3 21 
3 24 
a 2r 

a 89 

3 31 

3 33 

3 ao 


3 10 
a 12 

B IS 

3 15 
3 17 
3 10 
3 31 
3 33 

a 35 
3 37 


) 37 

a 45 

s 43 
7 1 

7 8 


6 1 
6 9 
IG 
a 23 


4 33 

5 20 

4 S4 

5 41 
4 47 


S 4 

s u 

S 1.1 


4 40 
4 45 


4 34 
4 20 
t S3 
4 37 
t 41 


4 10 
t 14 
4 18 
4 22 
1 86 
4 3U 
4 33 
4 37 
4 41 
4 44 


4 a 

4 6 
4 10 

ii 

4 33 

4 27 


1% 

4 12 

4 la 


> 43 

3 46 
3 4U 

a 52 

3 54 


3 36 
3 30 

3 43 
3 44 

3 47 


43 
43 

4S 
46 
47 
4S 
49 

83 
60 


7 IS 
7 33 
7 3( 

7 4; 

T 42 

7 SB 
S 6 
B 12 
B IS 
S 24 

8 30 
a 36 
fl 45 

s so 

B 3 


6.. 


4 53 

5 58 
B 4 

6 
a 16 


6 25 
6 SO 
6 35 
S 40 
S 45 


4 3 

4 T 

5 12 

6 l(i 
4 31 


4 4S 

i 63 
1 57 
4 1 


a 57 

4 E 
4 6 
1 9 


3 S3 
3 55 

3 S8 

4 1 


3 39 
3 41 
3 43 
3 43 
3 47 
3 49 


3 29 
3 31 
3 S3 

3 34 


3 21 
1 23 


— 


- 


41 

48 
43 
14 

45 
4<> 
47 
48 
40 
50 


7 10 

7 15 

7 20 


B 2U 
B 24 
B 30 
U 3S 

a 40 


6 40 
6 S4 

5 50 
4 

6 6 


S US 

S 20 
S 33 

5 37 

4 41 


4 S 

5 

4 13 

5 U 
5 20 


t 42 
S 1 


4 S3 
4 37 
4 40 
4 43 
4 40 


4 21 
4 24 
43: 

111 


1 11 

4 14 


1 3 
4 ( 






7 28 
7 SI 
7 37 
7 42 
7 47 


a 44 

B SO 
54 

7 ! 


1^ 
16 
fj 20 
34 
28 


S 40 
5 53 
5 60 


i 33 
4 27 

} 30 


3 4 
5 7 


4 40 


















52 
5S 

64 


7 51 


J 7 










- 




— 






- 


- 


340 


— 


"gT 

G2 
63 
64 


(il 

64 
65 


"^ 


■7°" 


w 


"bo" 












10" 


11" 






14° 










aa-' 







TABLE XVIII. 
Third Goerection to ApfAUMT Diitakcb 116*. 



Alt. 


APPARENT ALTITUDE OF THB .UN, OH .TA». |^»_;^| 


as" 30" 


6 3 

4 SS 
4 57 
4 20 


ii-^ 


36" 


SB" 

rv 

5 52 

a 9 

36 
S 8 

4 4S 


40>^ 


42" 


44" 


46" 


48° 


60" 


52° 


8 42 
7 4i 

1 24 


50" 


68° All. 


1 15 
4 


. 26 


S 10 
f 40 

, 47 
4 20 


30 
S 34 

lit 


i 22 
5 47 
S ID 
4 SB 


J 22 
1! 31 

5 20 
S 7 


T 36 
a 46 
S 8 

.1 30 
5 16 


7 51 
6 58 
6 18 
5 40 
5 25 


T g 

G 28 
1 60 
5 33 


8 IB 
T 20 
■' 31 


(S 48 
a 16 

S 40 


8 33 
7 sa 
7 u 


3 6 

8 
9 
10 


3 30 
3 31 
3 10 


3 57 
3 4G 
3 37 
3 30 


3 54 

1 37 
3 SI 


3 37 


4 23 

1 10 

I 43 


1 32 
1 7 
i 49 


i 4 


1 34 

1 10 
4 1 


4 37 
4 27 


4 48 
4 33 
4 21 

1 It 


1 54 
4 30 
4 27 
4 17 


5 10 
5 1 


5 7 






1! 


3 7 
3 6 


i 20 
3 IG 
3 13 
I 1( 


3 26 

3 17 
3 14 
3 11 


1 20 

; iH 

3 15 


i 10 


3 42 

3 3G 
3 3i 

1 23 


I 47 

1 3G 
3 31 

3 27 


i 40 
3 3fi 
3 31 


3 £1 
3 45 

3 30 
3 34 


4 2 
3 fifi 
3 40 












10 
20 


21 
22 
23 
34 
25 


3 4 

i; 

3 e 


3 6 
3 S 

1 A 


3 
3 7 
3 6 
3 £ 
3 4 


3 12 
3 10 

3 g 

I 7 


3 16 
3 14 
3 12 
3 10 


: 15 


1 20 


; 27 
















22 
23 
24 
26 


26 
2B 

aa 
so 


3 U 
3 
i 60 

2 SO 

3 


i 2 
3 I 
S 

I ( 


3 4 
3 3 
3 2 

3 1 


a 6 

i 4 
1 * 


i 7 

3 6 
5 6 


3 
















^ 




2U 

20 

30 


SI 
sa 

B3 
Si 


S 1 
3 2 
3 S 
3 3 
3 4 


3 
3 1 
3 1 
3 8 


3 1 
3 8 
























32 
35 


16 
37 

so 
40 


3 S 






















- 


" 






a6 
17 
38 


42 
43 
44 
4S 
IT 




























41 
42 
4S 
44 
4S 
































46 
47 
48 
40 

60 


sa 
















— 














"x:;:g^^z-z: 






i 






















I \ 


1 


5 


i 


,,, 


61 
63 
6i 
64 


























-88° 


30° 


-32* 


340 


36" 


38° 


40° 


42° 


44° 


46° 


18° 


1 



TABLE XVIII. 
Thisd CoaftWTioK to Appakbni Diitaxck 130°. 



Ait. 


*PPABENT ALTITUDE OF THE .UN, OB WAR. 


1 
111 




J" 


((V 


0" 


10" 




12" 


13" 


14" 


14^ 


16° 1 17° 


18° 


IB" 


20" 


32° 

4 67 
1 10 
4 12 
% 68 
3 41 




7 
8 

10 

13 
15 


S 7 
3 lU 

3 1H 


i 3 

3 V 
3 4 
3 8 
3 13 


1 S 
1 Ij 


3 1 
3 7 
3 5 
3 4 
3 


3 17 
3 U 

3 B 
3 
3 S 


3 24 
3 U 
3 1 

3 h 

3 e 


3 33 

3 -a 

3 15 
3 1 
3 8 


3 39 

3 aa 

3 ao 

3 U 

S 10 


» 47 3 55 
3 34 I 40 
3 25 3 2U 
3 18 3 33 

3 14 3 1; 


4 

3 4 
3 3 

3 at 

3 2 
3 1 
3 1 
3 1 
3 
3 


3 5 
) 4 
3 3 
3 2 


1 2 

3 41 

3 ae 

S 28 


1 30 

as: 

34 
a 33 


4 30 

I is 

3 60 

3 4: 


3 41 
3 4» 


3 23 

3 28 
3 34 
3 41 


3 12 
3 10 
3 2U 
3 25 
3 30 
3 31 
3 42 

1 4a 

3 51 
1 1 


3 8 
3 11 
3 15 
3 10 
3 23 


3 a 

S 8 
3 11 
3 1-1 
3 18 


3 i 
S 8 
3 1 
3 14 


1 1 
3 fl 
3 8 

3 1 


3 8 
3 7 
3 G 
3 7 
3 


3 I 
1 8 
3 7 

3 8 


3 U 
3 11 
3 

3 7 


3 1 
3 1 
3 1 
3 1 
3 


aaa 

3 18 

3 IS 
3 12 
3 11 


3 ao 
3 a 

3 17 
3 14 
3 12 


a 30 

3 24 
3 20 
3 17 
3 14 


3 38 
3 31 
3 20 
3 22 
3 18 


11 

12 
13 
14 

TT 

17 
18 
10 
30 


16 

n 

18 


4 6 
4 14 
i 23 

4 3: 


3 48 

3 55 

4 3 
4 10 

4 i; 


3 2! 

3 4: 

3 48 


3 22 

3 a: 

3 33 

3 38 


3 20 
3 23 
1 2G 
3 S( 


3 13 

3 xa 

3 18 
3 21 
3 24 


3 It 
3 13 
3 14 
g 17 
3 30 
3 23 
3 30 
3 30 
3 33 
3 36 


3 
3 111 
3 12 
3 16 
3 17 


3 1 


3 

3 11 
3 10 
3 1 
3 1 


3 I 

3 1 


a 

a u 
a 10 

3 11 


a 11 

a 10 

a 10 

3 

3 10 


a 12 

3 11 
3 11 
3 10 

3 10 


3 lU 
3 14 
3 13 
3 12 

3 12 


21 

a 

31 
25 


J 40 

4 SB 

5 7 

a 10 


4 2i 
4 31 
4 3t 


1 7 
1 14 
1 21 
1 27 

1 33 


a 53 

3 68 

4 11 


3 43 
3 47 
3 62 
3 67 
1 2 


1 34 

3 ay 

3 43 
3 47 
3 S 


1 28 
3 32 

3 36 
3 30 
3 43 


3 11 
3 22 
9 25 
3 28 
3 31 


3 It 

3 ai 

3 30 


3 lo 

% lu 

3 18 
t 2U 
1 2lt 


3 13 
3 1 
3 1« 
3 18 

3 20 


3 12 
i 11 

3 IG, 

3 18 


3 11 
S 12 
3 IS 

3 IS 

a 17 


% 10 

a 11 

3 12 
3 14 
3 15 


3 11 
3 11 
> 12 

3 13 
3 14 
iTf. 

3 10 
3 17 
3 lb 
3 10 


32 
33 
24 

26 

37 

»8 
20 
SO 

32 

33 
34 

sa 

3C 
37 

38 

as 
ja 

42 
43 

45 

47 
48 
40 
SO 


27 

28 
SO 
SO 


S 34 

G U 
8 


S 1 

5 8 
5 16 
5 24 

5 SI 

5 54 

6 a 

G 


1 40 
1 47 

i i 
i (j 


i 20 

1 2r 

1 31 

1 37 
1 43 


4 T 
t 12 

4 17 
4 S2 
4 87 


a SO 
1 1 
1 s 

4 10 
4 16 


3 41 
1 61 
J 66 
1 60 
1 3 


3 3!) 
3 43 
3 47 
3 60 
3 S4 
S 57 
1 1 
1 5 
1 11 
1 12 


1 34 
1 37 
3 40 
1 43 
3 40 


3 20 

\l 

3 40 


3 25 

3 2b 
3 30 
3 33 
3 36 


3 22 
3 25 
II 27 
9 20 
9 32 


a 2U 
3 22 
1 24 

1 as 

S 38 


S 20 

3 22 
1 23 
1 31 
> 37 
>2S 

3 3a 

9 34 
3 36 

3 43 
3 46 
3 47 


3 10 
S 18 

9 20 
3 31 
9 23 


81 

la 

3S 

IT 

S7 
3S 
SO 


S5 

51 
G BO 

7 8 
7 lU 
7 24 


J 18 
i 3S 


1 S4 
S 
5 C 
i 12 


1 62 


4 VJ 
i, ^ 
1 27 
1 32 
1 37 


1 7 
1 11 

1 I5 
1 10 
4 24 


i 40 
3 62 
I 5G 
3 SO 

1 a 


3 43 
3 40 

3 40 
3 52 
3 65 


% 38 

3 41 

1 41 
I 61 

4~7 

4 10 
4 13 
4 to 


3 34 
3 30 
3 3D 
3 42 

3 4i 


3 30 

3 33 
3 35 

a 37 

3 40 


a as 

S 3T 

a 20 

3 31 
3 33 


• 3U 

a 32 

a 24 

120 
3 28 


a 10 
a 23 

B 30 
37 


S 44 

5 60 
i SO 

5 2 

a B 

B^ 

10 

e 2S 

6 31 
6 30 


a 18 

5 23 

i at. 


4 67 

5 2 

6 7 
i 12 


4 43 

4 40 
1 SO 
4 55 
1 50 


4 28 
1 32 
t 30 
1 40 


4 IS 

1 10 
t 33 
1 27 
4 31 


4 5 
4 
4 13 

4 le 

4 20 


B 6b 
4 2 
1 5 

1 11 

\ 21 
4 24 
1 27 


3 17 
3 60 
3 53 
S 55 

3 68 

4 1 
4 3 
4 G 


3 43 
3 45 
3 47 

3 S2 


3 35 
3 37 


3 30 
3 31 
3 33 


41 
42 
43 
44 


7 40 
7 47 

7 65 
S 3 

8 11 


6 SO 

B 60 

7 a 

7 
7 15 


B 44 
i 50 
S 65 
B 
G S 


S 22 
» 21 
( 32 

5 37 

6 42 


t 4 

S 13 
S 17 


( 46 
1 32 

1 5G 
> 
i 4 


i 35 

4 30 
4 42 
4 40 
4 40 


4 24 
4 28 
4 31 
4 34 

4 37 


3 66 
3 67 


3 4U 


- 


46 
47 

48 
40 
60 


( 18 
8 45 


7 lil 
7 27 
T 33 
7 3'J 
7 4s 


> 4li 
6 S2 

6 S7 

7 2 


« 10 

e 1.1 

G 20 
! 25 


i 40 

i 50 
6 3 


S 30 

5 34 

6 37 


\ 8 
\ 11 


4 S3 
4 56 


4 4U 












SI 


J 3 

9 


7 SI 

7 s; 

H 3 


13 


H 34 
















1 




ii.iT'.iPFicroF.Di.'.i-. 




ST 
410 






























""ii; 








(? 


'-" 


77- 




04 

05 

































1" 


8^^ 


0" 


10° 




ISO 


13" 


14" 


15" 


16t> 





















TABLE XVIll. 
TuiKD CoKUECTioH, to Apparent Distanci 120*. 





A,...4HENT *LTjrU«tOKrH««„N. OH„*B. 


Alt. 


5 li 
1 4S 
4 25 

4 
I S7 

a 4; 

i 39 
3 32 

3 a? 

3 33 


S 33 

4 ay 

4 20 


i 49 
5 15 
4 6 
4 3 


— «- 



1 4! 

rn 

4 3 
1 S3 

3 4G 
a 40 


23 
S 45 
S 17 

1 65 

4 37 

5 52 
3 46 


34" 

r-i 
a 41 

B 

s ao 

S 7 

4 r. 




38- 


40" 


UO 


44^ 


40'^ 






520 


,,' 


6 SB 
6 IS 
S 43 

5 18 
4 67 


7 U 
6 29 
5 56 
i 28 


i 4: 

i 3h. 


6 56 
20 
5 40 


H 2 

T 8 

a 31 


6 37 


H 17 

T a 

5 42 

6 10 


B 31 

7 S3 
B 63 

20 
S 55 


B44 
7 43 
7 3 
6 89 
6 3 


S 57 

7 i; 


r. 


6 

7 
8 
« 

la 


3 50 

3 4; 

3 39 
3 33 
3 29 


3 3!l 
3 34 


1 ) 
a so 
a sa 


4 4;: 

4 28 
4 16 
4 6 

a 68 


4 51 
1 36 
4 24 
1 13 
4 4 


4 SU 
1 44 
4 31 

4 20 
4 11 


5 8 
i 62 
4 3S 

4 27 

4 IS 


5 1 
1 34 


2J 
5 T 

4 sa 

4 40 


5 33 

5 14 








18 
13 
14 
15 


30 
31 
S3 
33 
Si 

is 


3 2[ 
3 18 

3 le 

a 15 
3 14 
I 13 
3 ll! 

3 12 
3 111 

S l:i 


i 23 
3 25 

3 II 

3l5 
3 14 
■i 13 
3 13 
3 13 
3 14 
3 14 
3 14 
3 15 
a If) 


3 2( 
3 21 

3"ir7 
3 10 
3 15 
3 IS 
3 15 
S IS 
3 IS 
3 15 
3 IS 

3 le 


3 at. 

3 2H 
3 25 

3 23 

rg? 

3 ID 
3 18 
3 17 
3 17 


3 41 

a 36 
a 32 
a 29 
a 27 
a 21 
a 22 

3 2( 


3 46 
3 41 
a S7 
3 33 
i 31 
3 2fl 

a 20 
a 21 
a 33 
a 21 


1 5! 

3 4! 
t 3B 

a 36 

3 32 

a 2» 
a 27 
a 26 


3 50 
3 62 

a 47 
a 43 

3 39 


I 47 


1 3 

3 ST 


4 16 












10 
IT 
18 
10 

ao 


3 33 
















- 


21 

as 

83 
24 
25 
'W 
27 

89 
30 


•i6 

'27 
28 
S9 

'W 
13 
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1 
s 

4 



5 
6 
7 

8 
9 



10 
11 
12 
13 
14 



15 
16 
17 

18 
19 



20 
21 
22 
2S 
24 



25 
26 
27 
28 
29 



SO 
81 



S3 
S4 



85 
S6 
97 

S8 
89 



40 
41 
42 
43 

44 



45 
46 
47 

48 
49 



TABLE XXIII. 
Logarithms of the Sum and Diffekikce. 



50 
51 
52 
53 
54 



55 
56 
57 

58 
69 



17.162696 
463726 
639817 
764756 



7.861G66 
940847 

8.007794 
065786 
116938 



SUM OR DIFFERBNCB. 



00 



lO 



^.940842 
948020 
055082 
962031 

908870 



8.162696 
204089 
241877 
276639 
308824 



.975603 
982233 
988764 
995198 

.001538 



9. 



.007787 
013917 
020021 
026011 
0319191 



8.338787 
S66816 
393145 
417968 
441449 



18.463725 
484915 
505118 
524423 
542906 



9.03774919 
043501 
049178 
054781 
060314 



9.065776 
071171 
076500 
081764 
086965 



8.560635 
577668 
594059 
609853 
625093 



8.6398IG 
654056 
667844 
681200 
694173 



9.092104 
097183 
102204 
107167 
112074 



18.706762 
718997 
730896 
742477 
753758 



29 



0.^1855 
245459 
249033 
252578 
256094 



259582 9 

263042 

266475 

269881 

273260 



9, 



276614 
279941 
283243 
286521 
289773 



.293002 
296207 
299388 
302546 
305681 



30 



9.41791919 
420324 
422717 
425096 
427462 



.429815 9. 
432156 
434484 
436800 
439103 



9.441394 
443674 
445941 
448196 
450440 



9.452672 

454893 

4571031 

419301 

4614m 



9.30879419 
81 1885 
814954 
318001 
321027 



^.324032 
327016 
329980 
832924 

835848 



9.116926 
121725 
126471 
131166 
136810 



9.338753 9, 

341688 

344504 

347352 

350180 



9.1404069. 

144958 

149453 

153908 

158316 



8.764754 
775477 
785943 
796162 

806146 

825451 
834791 
843934 

852888 



9.162681 
167002 
171280 
175517 
179713 



9 



^.474380{9. 58583419. 674418 

675751 
677080 
678405 
679726 



352991 
355783 
858558 
361315 
364054 



1.463665 
465830 
467965 
470129 
472263 



476498 
478601 



40 



.642819 
644624 
646422 
648212 
649995 



551770 9.646853 
663539 648274 
665300 649690 
657054 651102 
668800 652508 



9, 



560540 
562273 
563999 
565719 
567431 



^.56913719 
670836 
672528 
674214 
675893 



9.577566 
579232 
S80892 
682546 
584193 



60 



9.639680 
641124 
642663 
643998 
645428 



9.653911 
655309 
666702 
668090 
659475 



.660855 
662230 
663602 
664968 
666331 



9.667689 
669043 
670393 
671739 
673080 



482775 



687469 
689096 



480693 690721 



592338 



4848489.693948 



486910 
488963 
491006 
493040 



9 



9 



.366777 
369482 
372171 
374843 
377499 



» 



.495064 
497078 
499084 
501080 
603067 



695563 
597152 
698745 
600332 

9.601913 
603489 
605058 
606623 
608181 



8.801662 
870262 
878695 
886968 
895085 

8T9O3054 
910879 
918560 
920U9 
933543 



9 



183868 
187985 
192062 
190102 
£00104 

.204070 
208000 
211895 
215755 
219581 

9^23374 
227133 
230861 
234557 
238221 



9 



.605045 
507014 
508974 
610925 
512867 



eP 



^.7188000 
720004 
721204 
722401 
723595 



9. 



724785 
725972 
727166 
728337 
729514 



9. 



73008b 
731859 
733027 
734192 
735353 



9.736512 
787667 
738820 
739969 
741115 



9.7422599 
743399 
744636 
745670 
746801 



7^ 



.785676 
786707 

787786 
188769 
789787 



9 



.790808 
7918S8 
792846 
793869 
794872 



1.795881 
796889 
797894 
798897 
799897 



9.800896 
801891 
802885 
8038761 
804865 



.8058J2 
806837 
807819 
808799 
809777 



9.747930 
749055 
750178 
761297 
752414 



9.681043 
682356 
683665 
684971 
686272 



19.609734 
611281 
612823 
614360 
615891 



9. 



9 



38013819 

382762 

385370 

387962 

390539 

.39^10l|9 
395647 
398179 
400690 
403199 



.514801 
516720 
518643 
520552 
522451 



9.405687 
408161 
410621 
413068 
415500 



.524343 
526226 
52S102 
529969 
531828 



9.617417 
618937 
620452 
621962 
623466 



.687569 
688862 
690152 
691438 
692720 



9.8l<>753 
811726 
812698 
813667 
814634 



9.753628 
764639 
755747 
7568521 
757965 



9.769054 
760151 
761245 
762337 
763425 



9.8166981 
816661 
817522 
818480 
819436 



9.820890 
821342 
822292 
823240 
824186 



693998 
695272 
696543 
697810 
699073 



9.624965 
626459 
627948 
629432 
630911 



[9.533679 
535523 
537358 
539186 
541007 



9.632385 
633854 
635317 
636776 



9.764511 

765694 

766675 

7677521 

768827 



9.825130 
826072 
827011 
827949 

828884 



9.700333 
701589 
702841 
704090 
705335 

9.706577 
707815 
709049 
710280 
711507 



9.769900 
770970 
772037 
773101 
774163 



9.712731 
713962 
715169 
716383 



9.829818 
830749 
831679 
832607 
833532 



9.775223 
776279 
777333 

778386 
779434 



9.834456 
836377 
836297 
837215 

838130 



9.780480 
781524 
782566 
783G05 



6382301 717593 784641 



9.839044 

8399561 

84086< 

841774 

842680 



M. 




1 
2 
8 
4 

V 
6 

7 
8 
9 



10 
11 
12 
13 
14 



15 
16 
17 
18 
19 



20 
81 
22 
23 
24 



25 
26 
27 
28 
29 



80 
81 
82 
83 
84 



86 
86 

87 
88 
89 



40 
41 
48 
48 
44 



46 
46 
47 

48 
49 



SO 
61 
69 
68 
54 



56 
66 
67 

68 
60 



TABLE XXI II. 
Logarithms of the Sum and Differinck. 
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M. 


SUM OR DIFFERENCE. 


M. 


80 


90 


IQO 


11° 


12© 


ISO 


140 


150 





9.843585 


9.894643 


9.940296 


9.981573 


0.019235 


0.053859 


0.085894 


0.116608 





1 


844487 


896445 


941017 


982228 


019835 


054413 


086409 


116177 


1 


2 


846387 


896246 


941738 


982883 


020435 


054966 


086922 


116666 


2 


3 


846286 


897044 


942456 


983536 


021034 


055519 


087436 


117136 


3 


4 


847183 


897842 


943174 


984189 


021632 


056071 


087947 


117613 


4 


6 


9.848078 


9.898638 


9.943891 


9.984840 


0.022229 


0.066622 


0.088459 


0.118090 


6 


6 


848971 


899432 


944606 


985491 


022825 


057172 


088970 


118667 


6 


7 


849862 


900225 


946320 


986140 


023421 


057722 


089480 


119043 


7 


8 


850751 


901017 


946034 


986789 


024016 


058271 


089990 


119519 


8 


9 


851639 


901807 


946745 


987437 


024610 


058819 
0.059367 


090500 


119994 





10 


9.852524 


9.902596 


9.947456 


9.988083 


0.025203 


0.091008 


0.120469 


10 


11 


863408 


903383 


948166 


988729 


025795 


059914 


091516 


120943 


11 


19 


851291 


904169 


948874 


989374 


026386 


060460 


092024 


121417 


12 


13 


856171 


904953 


949581 


990017 


026977 


061006 


092530 


121890 


13 


14 
15 


856049 


906736 


950287 


990660 


027567 


061551 


093037 


122362 


14 


9.856926 


9.906617 


9.950992 


9.991302 


0.028156 


0.062095 


0.0U3542 


0.122835 


16 


16 


857801 


907297 951696 


991943 


028744 


062639 


094047 


123306 


16 


17 


858674 


90S076 


952398 


992583 


029332 


063181 


094552 


123777 


IT 


18 


869546 


908853 


953100 


993222 


029918 


063724 


095056 


124248 


18 


19 


860416 


909629 


953800 


993860 


030504 


064265 


095559 


124718 


19 


20 


9.861283 


9.910404 


9.954499 


9.994497 


0.031089 


0.064806 


0.096062 


0.126187 


20 


21 


862149 


911177 


955197 


995133 


031673 


066346 


096564 


125656 


21 


22 


863014 


911949 


955894 


995768 


032257 


065885 


097065 


126126 


22 


23 


863877 


912719 


956590 


996402 


032839 


066424 


097566 


126593 


23 


24 


864738 


913488 


967284 


997036 


033421 


066962 


098066 


127060 


24 


25 


9.865597 


9.914256 


9.957978 


9.997668 


0.034002 


0.067499 


0.098566 


0.127527 


26 


26 


866455 


915022 


958670 


998299 


034582 


068036 


099065 


127993 


20 


27 


867310 


915787 


959361 


998930 


035162 


068672 


099564 


128459 


27 


28 


868165 


916550 


960052 


999560 


035741 


069107 


100062 


128925 


28 


29 


869017 


917312 


960741 


0.000188 


036319 


069642 


100559 


129390 


29 


30 


9.869868 


9.918073 


9.961429 


0.000816 


0.036896 


0.070176 


0.101056 


0.129864 


30 


31 


870717 


918833 


962116 


001443 


037472 


070709 


101552 


130318 


31 


32 


871565 


919591 


962801 


002069 


038048 


071243 


102048 


130781 


32 


33 


872410 


920348 


963486 


002694 


038623 


071774 


102543 


131244 


33 


34 


873256 


921103 


964170 


003318 


039197 


072305 


103037 


131706 


34 


35 


9.874097 


9.921868 


9.964852 


0.003941 


0.039770 


0.072836 


0.103531 


0.132168 


36 


36 


874938 


922610 


965534 


004563 


040342 


073366 


104025 


132630 


36 


37 


875777 


923362 


966214 


005185 


040914 


073896 


104517 


133091 


37 


38 


876615 


924112 


966893 


005805 


041485 


074424 


105010 


133551 


38 


39 


877451 


924861 


967571 


006425 


042055 


074952 


105501 


T34011 


39 


40 


9.878285 


9.925609 


9.968249 


0.007044 


0.042625 


0.075480 


0.105992 


0.134470 


40 


41 


879118 


926355 


968925 


007661 


043194 


076007 


106483 


134929 


41 


42 


879949 


927100 


969600 


008278 


043762 


076533 


106973 


135387 


42 


43 


880779 


927844 


970274 


008894 


044329 


077058 


107462 


135845 


43 


44 


881607 


928587 


970947 


009510 


044895 


077583 


107951 


136303 


44 


45 


9.882433 


9.929328 


9.971619 


0.010124 


0.045461 


0.078107 


0.108439 


0.136760 


46 


46 


- 883258 


930068 


972289 


010737 


046026 


078631 


108927 


137216 


46 


47 


884081 


930806 


972959 


011350 


046590 


079154 


109414 


137672 


47 


48 


.884903 


931544 


973628 


011962 


047154 


079676 


109901 


138128 


48 


49 
50 


886723 


932280 


974296 


012572 


047717 


080198 


110387 


138582 


49 


9.886642 


9.933015 


9.974962 


0.013182 


0.048279 


0.080719 


0.110873 


0.139037 


60 


61 


887359 


933719 


976628 


013791 


048840 


081239 


111358 


139491 


61 


62 


888174 


934481 


976293 


014400 


049400 


081759 


111842 


139944 


62 


69 


888988 


935212 


976956 


016007 


049960 


082278 


112326 


140397 


63 


64 


889801 


93694S 


977619 


016613 


050519 


082797 


112809 


140850 


64 


66 


9.89061S 


9.936671 


9.978280 


0.01621S 


0.051078 


0.088314 


0.11329S 


0.141302 


66 


66 


891421 


93739S 


978941 


016824 


061635 


083832 


113774 


141764 


66 


67 


8922211 


938122 


979600 


017428 


052192 


084348 


114251 


142205 


67 


58 


893032 


93885C 


» 98025S 


01803C 


05274S 


» 084864 


114731 


142665 


68 


69 


893d4( 


H 939573 


\ 98091C 


0186331 063304 


i 0863801 1162U 


14310fi 


69 



TABLE XXIII. 
LooABiTBiH uf the Sum and DirrsKBRCs. 



M. 




M. 


16° 


11" 


18° 


19° 1 20° 


81° 


32° 


83° 






».169T02 


0.194332 


U. 21 760^0.339670 B.3606S3 


D.280599J0.i996M 




1 


1 11001 


170121 


194731 


217986 240038 


300971 


280924 


299906 




a 




170547 


195129 


318SGS SJOSM 


361314 


381346 


300376 




■ 


144901 


I7096H 


195537 






38167S 


300680 




4 


143319 


0.171810 


195926 
I1.19«S21 


219116 


341101 


361994 


18I89T 


t0089S 




0.311458 


U.363S34 0.8828301 


e.soiaos 







146213 


173230 


190719 


'2198fl8j 341814 


363673 


883544 


301514 




7 


146000 


173650 




220313 S42176 


263018 


383867 


301833 




S 


147130 




197511 


220618 312526 


3631SI 




303112 






117581 


0.1739OS 


197907 
0. 19810! 


220993 2128IJ2 


363689 


2835 IB 


103110 




lU 


D.14»02b 


0.221367 0. 21 JZJ7 


0.26102T 


0.381836 


0.303718 






14S1T1 


174326 




331741 213503 


264JG5 


384158 


303 05 7 




la 


1489U 


174744 


199091 


322116 313U17 


361703 


284480 


S0S364 




IS 


1493SS 




1994BG 


222488 244303 


305010 


384808 


103073 




14 


140802 


175 578 


199879 


222861 241056 


365377 


286134 


S03979 




IS 


U. 150214 


0.176995 




D. 333234 0.315010 0.3657 14 


0.385414 


O.Sai2»« 




10 


160080 


17641 1 




233606 315303 366061 


235766 


301593 




IT 


151138 


I76S37 


30105! 


823978 315716 366387 


286087 


301900 




18 


151569 


177242 


201451 


224319 216069' 366733 




305207 


J« 


!9 


153010 


177657 


201813 


221721 246124 a67059| 286728 


305513 


^J- 


10 


11.15215 10. 178073 


0.203331 


0.2250920.216775,0.267305(0.287018 


0.305819 


SI 


1S38[I1 178486 


203620 


2254631 217137 3077301 287368 


106125 


31 


33 


153330 178900 


203017 


225633! 217*78 368065, 287687 


300130 


33 


as 


15S76a' 17931 S 


203407 


32620S 317830 808399, 38b0O7 




33 


24 

85 




179726 




32fl57l[ 2481«l| 26B731' 288326 307011 


24 


D . 1S161G 


0.180130,0.204187 


0. 3269120.318532,0. 3e9U6B,0-2t*W»i''-3'n3«' 


2i 


SO 




180551 204577 


227311 


348883 


860402 388961 


307650 


ac 


21 


155521 


180963! 304900 


227680 


349233 


269735 




307955 


87 


38 


15SD57 


181374 3053B4 


228048 


249683 


370069 


289600 


308359 


28 


39 


156304 


1817831 305713 


928416 


249933 


270403 


389918 


308563 


29 


SO 


0.156830 


0.18ill9e0.30G131 


0. 238784,0. 250282 


0.370716 


0.290330 


0.308867 


30 


SI 


157365 


1826001 306519 


229151 


250031 


2T1067 


290561 


300170 


31 


33 


1S7700 


1B3016 20690G 


339518 


260080 


371400 


390870 


309171 


33 


33 


1581 34 


1B3423 307393 


339885 


8S1S29 


371732 


291187 


300777 


33 


SI 




18383l| 307679 


330352 




873004 


291604 


310080 


31 


ss 


0.150002 


0.1812430.20e0r-0 


0.330618 


D. 852036 


0.873393 


D.S01820 


0.310382 


36 


as 


159435 


181651 


208452 




353373 


373786 


893137 


310685 


36 


37 


159868 


185059 


S08B37 


331349 


263720 


273057 


392453 


310987 


37 


38 






209:ia2 


331714 


363067 


871188 


392768 


311289 




3D 


160732 


185873 


209607 


332079 


263411 


371718 


393084 


3U591 


39 


40 


9.16U64 


0.180380 


a.B090<>2 


9.232441 


0.353761 


D.ST 4049 


0.393399 


0.311893 


40 


41 


161596 




310376 


23280f 


254107 


37 4379 


393714 


313191 


41 


43 


162025 




310760 




951153 


874708 


394029 


313405 


43 


43 


163456 


187408 


211143 


33353( 


254709 


875038 


394344 


S1379U 


43 


44 


162885 




211526 


233899 


355144 


875367 


394658 


SIS097 




49 


a.IG>314 






0.331362 


0.855489 


0.2TI096 




0.3IU97 


46 


46 


16S713 






334625 


355831 


870021 




311098 


40 


4T 


181172 




313G73 


331987 


336179 


3Taft63 




813998 


47 


48 


16400Q 


189519 


313056 


335319 


366633 


870081 


BV691S 


>l«97 


48 


49 


165021 


1B9923 


213437 


315711 


360867 


377009 




ai4ao7 


4S 


to 


0.165151 




D.SI3818 


U. 236073 


D. 267811 


B.877H7 




0.314890 


60 


SI 


165S81 


'lB0728 


311108 




357364 


377001 




•ItlOfl 


Bl 


S3 


16«S07 




214579 


836795 


367898 


377991 


B9TMU 


SIM95 


•8 


n 


160733 


101631 


3149^9 


337156 


338341 


878118 


397470 


SIB709 


fa 


S4 


167159 




315338 


33TS15 


8S8S83 


878014 




SIB09S 


M 


U 


0.167584 




a.S1571B 


a.aists 


J.8fi8S3t 


1.878971 


B.8oeioo{ 


O.SIOS90 




S6 


168008 


103734 






319868 


879397 


808412 


S 10089 


M 


ST 


1684S2 








819009 


379623 


308723 


110980 


S7 


G8 


16b8S6 


193531 


31G861 


3IB95S 


M0961 


S79B1H 


399034 


317381 


36 




109^79 


193033 


817332 


3S9S191 


W03B2 


•80371 


399315 


317682' 


69 



TABLE XXIII. 
LoOARtTHMS of the Sum and Ditferikcr. 



169 



M. 


SUM OR niPFERBNCB. 


M. 


24® 25® 


20° 


270 


28® 


290 


300 


810 





0.8178790.385387 


0.352088 


0.368185 


0.383675 


0.898600 


0.412996 


0.426899 





1 


81817d 835622 


852361 


868448 


883928 


398844 


413232 


427120 


1 


s 


81847a 


335900 


852035 


868711 


884182 


899088 


413467 


427354 


2 


s 


31876a 


836191 


852908 


868974 


884434 


899332 4137081 


427581 


8 


4 


819066 


336475 


858181 


369236 


384687 


899575 


413938 


427809 


4 


5 


0.319362 


0.386769 


0.353454 


0.309499 


0.384940 


0.399819 


0.414173 


0.428036 


5 


6 


319658 


837043 


853726 


869761 


385192 


400062 


414408 


428263 


6 


7 


319954 


837326 


353999 


870023 


385445 


400306 


414643 


428490 


7 


8 


320249 


887010 


354271 


370285 


885697 


400549 


414878 


428717 


8 


9 


320545 


337893 


354543 


370546 


385949 


400792 


415112 


428943 


9 


10 


0.320840 


0.338176 


0.354815 


0.370808 


0.386201 


0.401035 


0.415347 


0.429170 


10 


11 


321135 


888459 


855087 


371069 


386452 


401277 


415581 


429396 


11 


19 


821430 


838742 


355358 


371330 


386704 


401520 


415815 


429623 


12 


13 


321724 


339024 


355630 


871591 


386955 


401762 


410049 


429849 


13 


14 


322019 


889306 


355901 


371852 


387207 


402005 


416283 


430075 


14 


15 


0.822313 


0.839589 


0.356172 


0.372113 


0.387458 


0.402247 


0.416517 


0.480301 


15 


10 


322607 


339871 


856443 


372373 


887709 


402489 


416751 


430527 


10 


17 


822900 


840162 


356713 


372634 


387959 


402731 


416984 


430752 


17 


18 


323194 


840434 


356984 


372894 


388210 


402972 


417217 


430978 


18 


19 


323487 


840715 


857254 


373154 


388461 


403214 


417451 


431203 


19 


SO 


0.323780 


0.840996 


0.357524 


0.873414 


0.388711 


0.403455 


0.417684 


0.431429 


20 


21 


324073 


341277 


857794 


373074 


388961 


403697 


417917 


481654 


21 


22 


324366 


841558 


358064 


373933 


389211 


403938 


418149 


431879 


2« 


28 


324658 


841839 


358333 


374192 


389461 


404179 


418382 


432104 


28 


24 


324950 


842119 


858603 


374452 


889711 


404420 


418615 


432329 


24 


25 


0.825242 


0.342899 


0.358872 


0.874711 


0.389960 


0.404660 


0.418847 


0.432553 


25 


20 


325634 


342679 


859141 


374970 


390210 


404901 


419079 


482778 


26 ' 


27 


825826 


842959 


359410 


375228 


390459 


405U1 


419812 


438002 


27 ; 


28 


826117 


343239 


859678 


375487 


390708 


405882 


419544 


483226 


28 


29 


826409 


843518 


359947 


375745 


390957 


405622 


419775 


483450 


29 


to 


0.32670Q 


0.843797 


0.360215 


0.376003 


0.391206 


0.405862 


0.420007 


0.438675 


30 


81 


:26990 


844076 


360483 


376261 


891454 


400102 


420239 


438808 


81 


82 


327281 


844355 


360751 


376519 


391703 


406841 


420470 


434122 


32 : 


83 


327671 


344034 


861019 


876n7 


391951 


406581 


420702 


484846 


30 


84 


827802 


844912 


861287 


877035 


392199 


406820 


420938 


434509 


84 


85 


0.328152 


0.345191 


0.361554 


0.377292 


0.392447 


0.407060 


0.421164 


0.434793 


85 


80 


828442 


345409 


361822 


377549 


392695 


407299 


421395 


485016 


30 


37 


828731 


345747 


862089 


377806 


392943 


407588 


421626 


485289 


87 


38 


329021 


346024 


862356 


378003 


393191 


407777 


421857 


485462 


8» 


89 


329310 


846802 


362623 


378320 


393438 


408015 


422087 


485685 


89 


40 


0.329599 


0.346579 


0.302889 


0.3785770.393685 0.408254 


0.422318 


0.485908 


40 


41 


329887 


346857 


363156 


378833 393932 408492 


422548 


486181 


41 


42 


380170 


347184 
347410 


363422 


379089 


394179 


408731 


422778 


486853 


41 


a 


330404 


363688 


879345 


894426 


408969 


428008 


436576 


48 


44 


380753 


847087 


363954 


379601 


394673 


409207 


423238 


486798 


44 


45 


0.331041 


0.347903 


0.364220 


0.379857 


0.394919 


0.409445 


0.428468 


0.487020 


45 


46 


831829 


348240 


304485 


380113 


395166 


409682 


423697 


487242 


40 


47 


331016 


848516 


804751 


880368 


395412 


409920 


428927 


437404 


47 


48 


381903 


848792 


305010 


380024 


395058 


410157 


424156 


437686 


48 


49 


832191 


849067 


865281 


380879 


895904 


410395 


424386 


487908 


49 


50 


0.382478 


0.349343 0.305546 


0.381134 


0.396150 


0.410032 


0.424015 


0.438129 


50 


51 


832704 


849018 305810 


881389 


896395 


410869 


424844 


438851 


51 


5S 


838051 


349893 


300075 


381043 


390641 


411106 


425073 


438672 


51 


68 


833837 


35016« 


3GG33fi 


881898 


896886 


411348 


425301 


438793 


53 


54 


833024 


85044a 


360604 


882152 


89713S 


411579 


425580 


439014 


54 


55 


0.33391C 


Q.35071S 


(0.366868 


IQ.38240C 


0.397377 


0.411816 


0.425756 


0.439285 


55 


50 


33419S 


; 35099S 


) 367131 


I 882061 


897021 


41205S 


425987 


489456 


50 


57 


334481 


I 85126C 


\ 36739£ 


> 882914 


39786C 


41228S 


42621fi 


a9077 


57 


58 


38470( 


\ 851541 


} 36705( 


» 88816fi 


398111 


412524 


426441 


439897 


58 


1 5» 


1 83505^ 


i 851814 


l| 86792S 


1 38842S 


39835£ 


4127601 426671 


440118 


59 






leo 




TABLE XXI IL 










LooAaiTBMi of the Svu and DiriiKKWCB. 








BT. 


»VM OR D>f?^n^«C^. 


M. 




32° 


... - 


B40 


ir," 


36° 


.,. 


38° 


39° 




U.44033U 


U. 451342 




9.478142 


0.489UB2 


0.50147G 


0.612042 















'400142 


478342 




501665 


512825 


623674 


1 










4537li» 


400310 


478542 


400371 


601854 




523863 


2 










453081 


4065.^5 


478742 


400506 


502042 


513192 


624030 










441SIS 


454104 


466761 


478042 


490759 




613376 


524208 








U.44113t> 


U.4S4407 


0.400967 


0.479142 


0.490051 


0.502419 


0.613558 


0.624386 


5~ 








454l>lff 


467173 


479342 


401147 


602607 


613741 


524564 


6 








441877 


4S4832 


46T379 


470542 


401341 


602700 


611924 


524r42 










442090 


45G044 


407686 


479741 


401535 




514107 


624920 










442310 


45SS5G 


467700 


479941 


401728 


503172 


614280 


626097 


9 










0.467996 


0.491022 


0.603300 


0.514472 


0.526275 


10 






'412T54 


'4as68i 


468301 




492115 


603547 


514655 


625452 


11 








412073 


455803 






402308 


503735 


614837 


635630 


13 








443102 


456104 




4B07S8 


492501 


603931 


515019 




13 








441410 


43G310 


468811 




492605 


504110 


516202 


525084 


14 






U. 443620 


0.450528 


0.400022 


0.481135 


0.492888 0.504298 


0.515384 


0.526162 


15 




16 


441847 




469227 


481334 


4OS081 


504485 


G165GG 










17 


444065 


456051 


400432 


481533 


493273 


504073 


615748 




IT 










457102 


409037 


481731 


493406 


504800 


515930 


626693 


18 






10 


44150a 




400842 


481930 


49S650| 505047 


S101I2J 626870 


10 
20 




20 


0.4447:20 


0.457564 


0.470040,0,482128 


0.493851,0.405234 


0.510204,0.527046 




!1 


444938 


457795 


470250 482327 


494044) 506421 


516475 


527223 


21 






S3 


445155 




470455 482525 


494236 505008 


510057 


627400 


23 










438210 


470650 


482723 


494428 505704 


616838 


527676 


23 






at 


44559[ 


458J27 


470863 


482921 


4946211 505QS1 


517020 


627753 


24 




SS 


U.445auB 






0.483119 


0.494613 0.600108 


D.S172010.527O2O 


25 




36 


44G0:t5 


458848 


471271 


483310 


405005 600354 


517382 628105 


80 






27 


44G242 




471475 


483514 


405100.' 500541 


617501 628281 








SB 






471678 


4B3T12 


405388; 606727 


517745 S2B458 


28 






89 




4S9476 


471882 


483909 


405580 


506913 


617026 628634 
0.alB107.0.S28B10 


20 




3D 


U.44GK1I3 






0,484107 


0:495772 


0.507000 


10 




31 


447100 


' 450808 




484304 


495063 


607285 


618287 628986 


11 






)8 


447320 


460 108 




484501 


400164 


507471 


51B468 529161 


32 










460317 


472Q05 


484698 


406346 


607657 


618649 629337 


31 






SI 




460527 


472808 


484895 


496537 


607B43 


5188291 529513 


34 




15 


D.44TUra 


0.400710 


0.473IU1 


0.485092 


0.496728 


0.608028 


LI. 519010,0.520688 


35 




8e 


44glOI 




473304 


465289 


400010 


508214 


5191901 5208&1 








17 


448407 


461155 


4T3307 


485485 


407110 


508400 


519371 


530639 


37 






SS 




461361 


473710 


485682 


407301 


5085B5 


510551 


539215 


38 






» 


448838 


461573 


473012 


485378 


407402 


S0877O 


610731 


S30S90 


39 




40 


.440054 


U.46I7H2 0.4741 15 


0.486075 


0.497082 


0.508056 


». 619911 


0.530565 


40 




11 


44t>2G<l 


401000 


474317 


486271 


497873 


500141 


620091 


530740 


41 






i» 


44D48A 


462100 


4745 19 


4B0407 


4980G;i 


500326 


520271 


530915 


42 






4S 


449700 


462407 


474721 


486663 




509S1I 


520451 


531090 


41 








419915 


462616 


474923 


486800 


498444 


609600 


620031 


531205 


44 




45 




0.461iM24 


0.475125 


0.487055 


0.498034 


0.609880 


D. 530810 


1». 51 1140 


45 




46 


'450345 




476327 


487251 


498821 


510005 


630000 




4S 








4S0S6n 


463240 


475529 


487447 




61025(1 


621160 










4a 


450775 


40341B 


475730 


4S7043 


499204 


510434 


521349 


531003 








49 


4S00HU 


403060 


476032 


487838 


499304 


510619 


681628 


532138 


40 

50 






11.451204 


a. 463604 


0.476133 


0.488U33 


0.490581 


0.510603 


9.621707 


0.632313 




SI 


45141B, 




4703S5 


488220 


400774 


S10087 


52188l> 


638487 


61 






SS 


45163:; 


46427! 


470530 


488424 


490963 


611172 


522000 


512001 


62 






SS 


451810 


4614S6 


470737 


488619 


500151 


511356 


522345 


532635 


51 






S4 


45206(] 


404094 


470938 


488814 


500142 


611510 


622124 


633000 


&4 






1). 432274 






0.489000 




0.611724 


[).622ti02 


9.533183 






66 


45^48hi 


'4fl6lOa 


'477340 


480201 


600721 


511007 


522781 




66 






ST 


46270a 


405315 


477540 


480399 


500010 


512091 


522060 


913531 


51 






68 


452915 


466GS2 


477741 


489693 


501000 


512276 


533138 


533704 


58 








453I2B 


40S72! 






601288 


5184*6 


633317 


533678 


ao 

















TABLE XXIII. 
Iaoakitbms of theStiM and Dipvcrbbcb. 



M. 


iUM OR D 


...iHENO. 


M. 

0' 


40° 


41° 


43° 


430 


44° 


46= 


». 


47" 










0.504075 


0.67847( 


t.68»Mt 




i.eooioi 










G0433( 


4737 3-^ 


6830!)! 


















67;Uibt 




















674044 




S93321 








aS47*S 


ftlSOOO 


GS40HI 


G047I0 


5743OOI 


683449 


593473 


60I28U 










l.SGSlal 




J.S74Si( 














S4SBSb 




5115034 


674515 
















aS54Tl 


fi&)lU< 




staoof 














SS6U4i 


S05350 






69300! 








SSS61C 


51BS43 


ssasoi 


565510 


6740BU 
a.57S13ti 


S843IU 


61)3313 












i.mvn 


>.s(iioro 












b46in 


5SI1135 


S65033 


















565tltlS 


S7S44; 


584685 S03(iS'. 
















575601 


584817 603801 








s»i4;j 


*46Uh3 






676768 
0.575013 


SBI0I>8 51^956 










1.&1GH6I 


>.6iU7m 


). 60647 J 


). 685120 0.5SM10S 


0.00387: 








54;on»; ssiias! 


806031 


670001 


5853731 GS435I 








&*oam 


S47iS7 6S71I1. 


S0079i 


5702^'^ 


685433' 634301 














676371 


685574' 594543 








SltSSS 


_s476aa 






67663! 


685736; 694695 












).S7WiB90. 685877,0.504841 


I.UOldO! 














S7084! 


58fl0att 594001 






S3 










6761t!H, 


686170 596131 






ia 










677IS; 


5B(>33ol 60538: 






S4 


S3B1!)J 








677309 
















>.57746^ 


J. SSfiliSM 0.505571 


(.004311 


2S 








SSSStCi 




5776181 6BU783I 69672! 






z; 










6777731 6800341 69587.; 






2B 


S3KSSI 








4770371 6870851 696031 




St) 


aa 


SSOIUI 


S4uiu: 




SObO'JT 


67S0ci3l 5873361 696168 














>.SGHH55 


. 678336 6 .687 38610 .6!W3 15 


0.0U5O31 


SO 






tm^-Ai 


$aU3!)l 




6783011 SH7SS; 








tit 


SSQSIIS 






StiOWl 


67S545i 6a768( 








31 


&30I36 








C7860(» fi87»3( 








31 




S 50021 




6788631 687988 
1.679008 0.68813! 
















). 00*7 41 












6701 G3| 68838! 








37 












5SH431 




















688691 


597491 


606171 


38 


30 


&40;6I 


S5D8St 


660002 


67037t 


6T0631 




597030 


OTOOOMS 


30 


0.t4U<)31 








). 670771 


*.688B0( 


0.69778! 


40 




S4110J 








670031 


6890« 
















570751 


660081 


389191 
















670g0( 


6803SI: 


689331 


608221 




43 


44 


a4l6U 


SSICH! 


SGI 50 1 


671 OCO 


6801I» 


589480 




OU70SG 


44 






}.&7i3a: 




1.589681 




t. 607171 


40 


40 










680G0< 


6807S1 








47 


M312! 


ssaisi 






B80S6i 


68993> 


59880( 








fi4S3QJ 


953341 


SG3141 


G71GD5 


681005 


69008( 








i9 


S2a4B2 


S5i515 




G718S2 


681168 














t.sssfiteu.o.saaifit 


). 57300! 


).5813U 


).6O03e: 


). 60924 J 






SI 


iUtiO-J. 




S(12(U( 


673100 


581405 


5905S( 






51 


S3 


&4207I 


ssaoK 


SGSTfH 




58l01t 










SI 


S13UI 


S53175 


5C305I 


51347! 


681771 






608311 




S4 


S43SI0 


G3334] 


503111 


613030 


68l!«l 


5S0984 


690827 


008401 


54 




a.S434B(I 




J.S0221! 


J. 57:^703 


).68aOJ( 


69H3; 


). 69907! 


I.0080U! 




S6 


64364', 


S&31ill 


S0343: 


67ai»6( 


68323! 


591381 




60871.': 




S7 


S4SS1^ 


551H35 


S033B, 


578100 


6^338-. 




GO 026 J 


G08S8; 


57 


(S 


S-IS98; 


554(KII 


563753 


57320! 


583535 






60902! 


58 




544 15t 


SS416S 


SG30I5 


67S41U 


583687 


591721H 


600354 


fiOOWl 


59 



TABLE XXIil. 
LooAKiTUHs of the Sum and DirrBKEircR. 



M. 




M. 


48-^ 1 tip 


SO" 


Sl° 1 52° 
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77O0llil 




780210 


785187 


790009 


704803 


709573 


oTaMsTe 








O.T7006T 


0"77752i0 


0. 780300 


0.78B20! 


0.790 149 


0.791942 


D.799051 






ft 


77017J 


77512S 


78038^ 




790230 


79302^ 


799728 


8043.',a 










77ltt(iO 


776410 






7M3I0 


796101 


7U98UG 


804428 












77&495 


780551 


785515 


790391 


795180 




804606 


11 










775580 


780634 


785507 


790471 


795259 


799962 


801581 








0.770521)0.776006 


0.780717 




0.790553 


0,795338 


0.SOO039 


0.804657 










775760 


780801 


785701 


790032 


795417 




804734 


16 








770093 


775835 


7B0SS4 


785843 


790713 


705490 


800191 


8048 19 










770779 


775920 


780908 


78592S 


79070* 


795575 


800272 




18 






ID 


7708(16 


776005 


781051 


786007 

0. 780089 


790871 

0.799954 




BOO350I 804962 


10 




~m~~ 


0.7700520.776090 


0.781134 


793733 


9.8004270.805039 


SO 






7710391 776174 


7812 IM 


786170 


791034 


79SBI1 




B0S116 


>1 








77II25I 776859 


T81301 


7802.^2 


791115 




800582 


805191 


a 






2i 


7712111 776341 


T81384 


780334 


7911115 


79597 ( 


Boorii.0 


805967 


31 






24 


7713981 776429 


7814118 


78C4I6 


791275 


796019 


8007.17 


B0531S 


24 




SS 


0.771tU0.7766I4 


a.iKi55i 


0.786497 


0.701350 


0.796IV7 


0.BO5119 


S5 




» 


771470 T7659S 


7B16i4 


786579 


791430 


7962061 800992 


805195 


SO 






S7 


771556 776083 


7817(7 


780661 


791 S 16 


70e28A< 800009 


605571 


>7 






2S 


7710431 776768 


TBI 809 


786742 


791690 


790364 801047 


805647 


88 






SO 


7717291 7768S2 


781BM3 


786824 


701676 


7064121 "'■t>2J 


805733 


SB 




SO 


0.7718150.776937 


0.781960 


0.7BUUU6 


0.791757 


0.7965219.801201 


0.806799 


» 




tl 


771B0I 


777021 


782049 


7B09B7 


791837 


7966001 801 279 




■1 






sa 


771B87 


777106 


782132 


787009 


791911 


796»i79 eOlSSO 


805061 


H 






is 


772073 


777190 


782215 


787150 




7967571 801433 


806037 


ts 






14 




777275 




787233 


:0i077 


796830 801611 


8001 01 


U 




35 


0.772245 


0.777159 


0.7821B1 


0.787313 


0.702157 


0.790014 0.8015880.800170 


u 




36 


772331 


777444 


782464 




792237 


7909931 801605 


806254 


u 






»7 


T72417 


777S2B 


783547 


7B747r 


792317 


797073 801742 


SOflSlO 


17 






(8 


772503 


777013 






798397 


797160 801819 




38 






»B 


7735S9 


777097 


782713 


781039 


792477 


797229^ 801896 
0.7973U7 ,0.801973 


806482 


10 




iO 




0.777781 


0.783796 




0.792557 


5:500557 






41 


772701 


777S06I 


782879 


78780] 


T92O30 


79718B: S03050 


BU0633 


41 






42 


77a&47 


777950 


782961 


787883 


792711 


797464 802128 


806709 


43 






43 


77*933 


778014 


783044 


787904 


793790 




8067B5 


41 






~4i~ 


773018 


778119 


783127 


788045 


792876 


79762l| 802282 




44 




D. 771104, 


0.7782M 


0.783309 


0.788130 


0.792950 


B,797e« 




0.806930 


4S 






773190 


778287 


783393 


788208 


791015 






807011 


4S 






4T 


773276 


778371 


783375 


788289 


793115 


707856 




807087 


47 






48 


77M6I 


778455 


783457 








808.189 


807 103 


40 






4U 


773447 




781540 


7BB45I 


791374 


798012 


803000 


O".8071lj 






110 


[1.771S3S 


I.77BGS3 


0.783683 


0.788532 


9.791354 


[1.7980'Jl 


0. 8037 43 


60 




51 




778708 


781705 


78861! 


793414 


79b 109 


802HIIO 




31 






ia 


7737* 


778793 


7837BB 




791514 


798247 


B02B97 










61 


7IJ769 


T78876 


783BT0 


768771 


79(593 


798325 


802974 


807540 


51 








773B7.' 


778060 


7811)51 


788S5G 


793073 


798103 




807615 


64 






05 


U. 771900 


U. 770044 


0.784031 


>. 788017 


0.791753 


1.798481 


DT8M127 


9.807691 








56 


77104r 


77912B 




78BDI8 


703B32 


798500 


801304 


8077C6 


56 








77413 


77IMn 


784300 


789099 


793911 


708<.18 


B0S2BO 


807842 


57 






58 


774217 


7792'Ja 


78428:; 


TbOIho 




798716 


801157 


B07917 


ts 






aa 


774302 


7791JU 


7»4Kii 


78926 


79407) 




803131 


B0709a 


SO 























166 



TABLE XXIII. 
Logarithms of the Sum and Differevcb. 



M. 


8UM OR DIFFERENCE. 


M. 


80° 


81° 


82© 


83© 


840 


85© 


86° 


87® 





0.808067 


0.812544 


0.816943 


0.821265 


0.825511 


0.829683 


0.888788 ( 


». 837812 





1 


808143 


812618 


817016 


821336 


825581 


829752 


838851 


887879 


1 


2 


808218 


812692 


817088 


821407 


825651 


829821 


833919 


837945 


2 


3 


808293 


812766 


817160 


821479 


825721 


829890 


888986 


838012 


8 


4 


808868 
0.808444 


812840 


817233 


821550 


825791 


829959 


834054 


888078 


4 


6 


0.812914 


0.817306 


0.821621 


0.825861 


0.830028 


0.884122 


0.888145 


6 


6 


808519 


812988 


817379 


821693 


825931 


830097 


834189 


888211 


6 


7 


808594 


813062 


817451 


821764 


826001 


830165 


834257 


838278 


7 


8 


808669 


813135 


817524 


821835 


826071 


880234 


884325 


838844 


8 


9 


808744 


813209 


817596 


821906 


826141 


830303 


834392 


888410 


9 


10 


0.808819 


0.813288 


0.817668 


0.821977 


0.826211 


0.830372 


0.834460 


0.888477 


10 


11 


808894 


813357 


817741 


822049 


826281 


830440 


834527 


838543 


11 


12 


808969 


813430 


817813 


822120 


8263ol 


830509 


884595 


838610 


IS 


13 


809044 


813504 


817886 


822191 


826421 


830578 


834662 


838670 


13 


14 


809119 


813578 


817958 


822262 


826191 


830646 


884730 


838742 


14 


15 


0.809194 


0.813651 


0.818030 


0.822333 


0.826561 


0.830715 


0.884797 


0.838808 


15 


10 


809269 


813725 


818103 


822404 


826631 


830784 


834865 


838875 


10 


17 


809344 


813799 


818175 


822475 


826700 


830852 


834932 


838941 


17 


18 


809419 


813872 


818247 


822546 


826770 


830921 


834999 


839007 


18 


19 


809494 


813946 
0.814019 


818320 


822617 


826840 


830989 


835067 


889073 


19 


20 


0.809509 


0.818392 


0.822688 0.820910 


831058 


0.835134 


0.839140 


20 


21 


809643 


814093 


818464 


822759 


826980 


831126 


835201 


839206 


SI 


22 


809718 


814166 


818536 


822830 


827049 


831195 


835269 


839272 


22 


23 


809793 


814240 


818609 


822901 


827119 


831263 


835336 


839338 


28 


24 


809868 


814313 


818681 


822972 


827189 


831332 


835403 


839404 


S4 


25 


0.809942 


0.814387 


0.818753 


0.823043 


0.827258 


0.831400 


0.835471 


0.839470 


26 


26 


810017 


814460 


818825 


823114 


827328 


831469 


835538 


839536 


26 


27 


810092 


814533 


818897 


823185 


827398 


831537 


835605 


839602 


27 


28 


810167 


814607 


818969 


823255 


827467 


831606 


835672 


839668 


28 


29 


810241 


814680 


819041 


823326 


827537 


831674 


835739 


839734 


S9 


30 


0.810316 


0.814753 


0.819113 


0.823397 


0.827606 0.831742 0.835807 


0.839800 


80 


81 


810390 


814827 


819l8r> 


823468 


827676 


831811 


835874 


839866 


81 


82 


810465 


814900 


819257 


823539 


827745 


831879 


835941 


839932 


8S 


88 


810540 


814973 


819329 


823609 


827815 


831947 


836008 


839998 


88 


84 


810614 


815046 


819401 


823680 
0.823751 


827884 


832015 


836075 


840064 


84 


85 


0.810689 


0.815120 


0.819473 


0.827954 


0.832084 0.836142 


0.840180 


86 


80 


810763 


815193 


819545 


823821 


828023 


832152 


836209 


840196 


86 


87 


810838 


815266 


819617 


823892 


828092 


832220 


836276 


840262 


87 


88 


810912 


815339 


819689 


823963 


828162 


832288 


836343 


840828 


88 


89 


810986 


815412 


819761 


824033 


828231 


832356 


836410 


840393 


89 


40 


0.811061 


0.815485 


0.819832 


0.824104 


0.828301 


0.832425 


0.836477 


0.840459 


40 


41 


811135 


815558 


819904 


824174 


828370 


832493 


836544 


840525 


41 


42 


811210 


815632 


819976 


824245 


828439 


832561 


836611 


840591 


49 


43 


811284 


815704 


820048 


824315 


828509 


832629 


836678 


840656 


48 


44 


811358 


815778 


820120 


824386 


828578 


832697 


836745 


840722 


44 


45 


0.811433 


0.815851 


0.820191 


0.824456 


0.828647 


0.832765 


0.836812 


0.840788 


46 


46 


811507 


815924 


820263 


824527 


828716 


832833 


886878 


840854 


46 


47 


811581 


815990 


820335 


824597 


828785 


832901 


836945 


840919 


47 


48 


811655 


816069 


820406 


824668 


828855 


882969 


887012 


840986 


48 


49 


811730 


816142 


820478 


824738 


828924 


883037 


887079 


841061 


49 


50 


0.811804 


0.816215 


0. 820550 


0.824808 


0.828993 


0.833105 


0.837146 


0.841116 


60 


51 


811878 


816288 


820621 


824879 


829062 


838173 


837212 


841182 


61 


62 


811952 


816361 


820698 


824949 


829131 


888241 


887279 


841247 


6S 


58 


812026 


816484 


820764 


825019 


829300 


1 &3330g 


887846 


841813 


68 


54 


8l210fl 


816507 


82083C 


825090 


82926S 


833377 


887412 


84187S 


64 


55 


0.812174 


i0.81657S 


» 0.820907 


0.825160 


I0.82938t: 


0.883444 


i0.88747S 


0.841444 


66 


56 


812248 


1 81665S 


5 82097C 


» 825280 


1 829407 


83851S 


{ 88754C 


84160{ 


» 66 


57 


81232S 


I 81672S 


» 82105( 


) 82530C 


) 82947C 


\ 88358C 


> 887619 


84167C 


► 67 


58 


81239( 


> 81679^ 


) 821122 


I 825371 


[ 82954fi 


; 88364£ 


) 88767C 


84ie4( 


} 68 


59 


1 81247( 


) 81687( 


) 82119S 


\ 825441 


I 829614 


I 83371( 


>| 88774( 


H 84170( 


i| 69 



TABLE XXI ir. 
LoaAaiTBMs of the Sum and DirFEKBitcE. 



M. 




M. 


l!H° 


89° 


OOO 


91" 


92" 


93° 


94° 


95° 




U.S4WT1 
841837 

siiuu: 

b4;iU3j 

B422^B 
842291 

B4M51I 


0.81.Je62 
8J5BI0 


0.849485 

849011 

649674 
619JSM 


863360 
S5S428 
853490 


'850995 
B570S6 

e5;iij 


0.800502 
660622 
860681 


9. 861 131 

864345 
861104 
B64S63 


9.667631 
8GT66D 
867747 

867804 
86780S 






8461 II 
B40175 
848339 


'84986; 
B4992T 
849990 
850OS3 


0.853552 
8S3614 

663070 
e53I3H 
661800 


0.B5T2S9 
867300 
857361 


' 660983 
860981 
861041 
861101 


66453! 
604596 
861667 


0.8G7920 
807978 
868030 
808003 






U.84M34 

8434tHJ 

aiaoao 
wac8i 


D. 840304 
&4i!3G8 
84(1133 
84G496 

846.500 


O.BSOIIO 
850179 
850242 

85!.305 


0.86JB02 
8SJ9i4 

864047 
854100 


0.8S754! 

857721 
857788 


II.8UI101 
861320 

861280 
661340 
861400 
0.861469 
661519 
661579 
861638 
861698 


0.861710 
664774 

661633 
861692 
864950 


0.86820! 
808306 
86832-: 

868441 

86861: 
868670 
868726 






643StJ 

642880 
B42WO 
B4S01I 


0,846084 0.850430,0.854171 

810088, 850403 864233 
846752 850530 854295 
846810 8500191 a6435( 
BJGSbo! 650083 8544 It 


'867908 
857958 
B58029 
658090 


0.665009 

866068 
8651 2G 
665186 
8G6243 




20 
£1 
22 


0.843070 
BJ3I41 
8432Ufa 
84:1271 
8J3336 


0.846914 
B47O07 

847 ts: 

847lug 


0.85U74SO. 864480 
B5UBU7i 854543 
8:>U8;o; 864603 
86ugj3! 854005 
BiOUOO 651727 

0. 85 10S8 0.854788 
851121 854850 
851184 664911 
651246 6549-3 
661S09! 855039 


'868211 
658272 
658333 
a58393 


B0U58 
861817 
861877 
861936 
661990 


0.865302 
805361 
805411 

666 53< 


66684: 
868900 
866958 
8G9015 


22 
23 
24 


35 
36 


0.843401 

b434Iili 

843SU5 
843S(iO 

8437D[ 
a4385,> 
843010 
943984 


847:190 
81T454 
8JT5ia 


0. 868463 
858514 

858575 
868035 
858696 


). 602055 
802119 
B62174 
862234 


0.866595 
8U6053 
86571: 

86682) 


869 I3( 
869187 

SG9346 
669303 

0.869360 
809417 
869474 
669533 
869589 


35 
36 
27 

28 
29 

31 

32 
BB 
34 


3U 
SI 

a? 
ii 


84TG4;: 
847709 

847773 


0.861372 
851434 
851407 

851659 
851023 


0.865 090 
665158 
665219 
856281 
855342 

0. 855401 
855405 
855526 
855588 

"855r7i 
85S833 
856H94 
856960 


0. 85 87 50 
868810 
85S877 
858037 
858998 


0.802363 
802413 

80317 1 

8025 9( 

0.862649 

863709 

862768 
BG2827 

863887 


9.805887 

seooOh 

8G6002 
806120 


17 
30 

43 


0.844049 
844114 

B44U8 
844243 
S1430H 


D.U4700U 
847004 

8480-^7 
B4B09I 


0,851085 
851747 
851810 
851872 


0.859058 
859119 
859170 

859120 
859180 
B5954I 


0.806179 

80629; 

860353 
6664 lli 


9.809646 
66970 1 

869818 
869876 


'sj 

38 

39 


0. 844375 

844501! 
B445D6 
84463 


U. 818218 

B4BSI5 

848408 
848472 


0.851997 

B5212: 
85218,1 
852217 


0.802046 
86S005 
803064 
863124 
863183 


0.866470 
666S2a 
806580 
806644 
866703 


0.869933 
869990 
670047 
870104 
870161 


4t 

13 
41 


45 

48 
49 


1I.84409S 

B4470O 
8418:iS 
844880 
8449S1 


0.848535 
8JS601J 
848662 
84872(1 
848781 

0.848862 
84801b 
848910 
849042 
84010U 


86243,1 
852496 
852558 
[1^852620 
862083 
662745 
852807 
8S2B69 


0.85U0I7 
866078 
660140 
H56201 

850202 


9.859601 
859731 

859781 
659842 
859902 


0.863243 
863301 
863360 
863419 

863478 


U. 866761 

866819 
860877 
8O603.-, 


9.870218 
670276 
670333 
870390 
870447 


46 
47 

48 
49 




a.845U18 
845083 
84SU7 
815211 
845270 


'856384 
8S644C 
B56S07 

850566 


9.BS9H02 
800022 
8600B2 
860142 
860202 


0. 6035380. B67051 
863597] 867109 
B0S6B6 807167 
863715 867325 
8637741 8G7383 


0.870604 
870501 
870618 
870675 
870733 


M 
62 
63 
54 


65 
S9 


0.845340 

64S4G'. 
845533 

845S97 


O. 840 109 
849232 
849295 
849359 
849121 


85305b 
853118 
853180 


0.866629 
856690 
8S07S1 
B56B12 
656873 


0.860262 
860322 
860382 
860442 
800502 


0.663633 
863892 
803951 
804010 
864069 


0.807341 
S07899 
867457 
867515 


0. 870789 
870810 
870903 


55 

56 
67 
58 



MS 


TABLE XXIIL 








LooAKtTUNs oflbc Sum uid DiiTBKtMK. 








H. 


aUH OH DjrreHEtice. 


M. 




M° 


07" 1 88° 


Wfi 


100- 1 lO.o 


102^ 


lOJO 






U.8744se,0.8I77ao 




0.884254 


0.887406 


0.S9O5O3 


0.893544 








Ml 130 


B74S18 


B7783S 


881099 


884307 


BB745B 


B005,S4 


893595 








fl 


eiiiHi 


BJ4S6a 


877800 


881163 




8875 1 U 


89060S 


893616 


2 






* 


B7I814 


874624 


877014 


881207 


884413 




890656 


893695 










MI30I 


874680 




881261 


884460 


887614 




893745 










0.8T135g 


0.874738 


0.878054 


0.881315 




0.8B7668 


U. 8007 SB 


1). 893795 










SiI414 


874701 


878109 


881160 






890809 


B93SI6 








7 


671471 


874047 


876164 


881423 


88461^5 


887770 




B9389i> 








a 


S71SS8 




878219 


881477 


884677 


B878«i 












fl 


871S85 


874dsa 


878273 




884J30 


887871 


890902 


B9399< 






10 


O.B7I04I 


B.8;S014;0.8I8328 


0.881584 


U. 884783 


0.887926 


0.891013 


U. 891016 






11 


B7li>0B 






881638 


884830 


68707B 


891061 


894096 








u 


87175S 


875120 




881692 


884BB1 


BBB030 












11 


e7iHll 




878192 


881715 


684942 


8BB082 


891166 


894198 








14 


871B09 


87S237 


878547 




681991 


888133 


891217 


694246 






IS 


0.871O8S 


0.815203 




0.881853 


0. BBS 017 


0.888185 


.891268 


0.894296 






IB 


B71081 




878056 


SS19U7 


885100 


888237 




894144 








17 


87S03S 


875401 


678711 




886 1 S3 


6BB280 




B94196 








IB 


87S0OS 


B754SQ 


8787 6C 


88201^ 


885205 


6B83J1 


891421 


604446 










8J3151 


87ial5 


87(i820 


B82068 




888393 


801472 


804406 






to 


0. 87220a 


0.87iS71 


0.878875 


0.882121 


O^BBSSTl 


0.888144 


0.891523 


O.B9464U| 


m 




81 


878204 


875626 


878929 


882176 


885361 


888406 


S91573 


894596 


SI 






ta 


872321 


87S0S2 


878B84 


882220 


865416 


688548 


891624 


S916I6 


32 






St 


8T2377 


875737 


870038 


882282 




8B86U0 


801675 




8) 






B4 


872434 


875793 


879003 


882336 


885521 


888661 


891726 


89474^ 


34 




2a 


p. 873400 


0.875848 


0,879148 




0.885574 


0.888703 


0.B91777 


0.894790 


35 




S6 




B7SO04 


870202 


882443 


885627 


688755 


891827 


80484& 


20 






W 


8721103 


875050 


879250 


882496 




888806 


801878 


891895 


37 






S8 


872C50 


876014 


87931 1 


882650 




B8S8-.8 


801029 


894U45 


38 






SO 


872710 


876070 


879365 


882603 


885784 


8BH9I0 
0.888961 


801080 


891993 


30 




30 


0.872772 


0.876126 


0.879420 


0.882637 


0,885831 


0.892030 


U. 893043 




■ 1 


873820 


B76181 


879474 


882710 


885889 


889013 


6920811 896095 


31 










876236 


879529 


882704 


8060421 


889061 


892132! BUS145 


33 








872041 


B76291 


8J9583 


882817 


885991 


8891IG 


8921821 895194 


S3 






u 


S72908 


876317 


879637 


882871 


886047 


889107 


892833] B95244 


34 




■6 


0.8730S4 


0.8704020.870002 


0.882924 




0.8S92I9 


0.892884:1.695894 


35 




la 


873110 


BJ04S7 


879740 


682977 




889871 


802331 


895313 


SG 






■T 


873100 


876513 


8J9801 


883031 




889328 


S93SS3 


896303 


37 






18 


B7S223 


876568 


879835 


SS3D84 




889374 


892435 


B03143 


SB 






■0 


873279 


870623 


819009 


883137 


886309 


889423 


892486, 895492 


39 




40 




0.87(>0780.8;0VO3 




0.886362 


0.889470 


0.892530 0.895512 


40 




41 




676734 


880018 


883244 


886414 


889528 


8925871 895592 


4! 








873448 


870780 


880U72 


883297 


88G4GG 


880679 


892637 895041 


43 






43 


e;3SD4 


870844 


880120 


883361 


BB6j19 


880IJ3I 


892688 803091 








44 


S73SUO 


870800 


880180 


883401 


880571 


88908S 
0.889734 


8987381 80S741 
0.892789 0.805790 


44 




4S 


U.8J3liH 


0.870054 0.880234 




0,88602; 


43 








877010 


8802^0 


883610 




8B07S5 


892839, 895810 










87372H 


877065 


880343 


883S04 


886728 




803890 B9S8S0 


47 








875781 


877120 


880307 


883017 


886780 




8929101 895939 


48 






40 


8738 10 


87717S 


880151 


883670 


_Ba08^a 


889939 


8929911 B9S9S8 


49 






0. 87 38U0:0 .877230 


0.880.-105 


9.883723 


0.8b99»0 


U. 893041,0. B9GU8S| 








87?U52l 877285 


88D659 


883770 




800012 


6UJ0U2 


895087 


SI 






63 


87400!) 


8773.10 


880013 


883820 


8b.6989 


80009:i 


893142 


890137 


SS 






S) 


B740US 


877305 


880007 


B8S8S3 


887041 


890141 


893192 


890186 


53 






G4 


B7412I 


877 43 


881)722 


883931 


887093 


800195 


893243 


800336 


S4 






0.874170 


[(.877605 


0.8S0770 


U. 883 089 


0.8B7115 


0.890217 


0.893393 


O.B90285 






SO 


B74232 


877 S 60 


880830 


881012 


887108 


890298 


893343 


896335 


GO 






ST 


B7J2HH 


87701.' 


880881 


8B40B5 


867260 


890319 


893394 




67 






58 


874344 






8841 18 


687302 




893414 


89U33 


58 






SO 


874400 


877723 




884201 


BB;354 


800451 891491 


890183 


50 

















TABLE XXm. 


IJ» 






UwAKiTHMS uf the SttM and DivrBEKMCx. 









M. 


104° 


105° 


100° 


1070 


108° 


109° 


110° 


111= 


M 






a.8D6a32 


0.809407 


0.902349 


0.005179 


0.O0T95H 


U. 910680 


0.913364 


0.9169dl 








sse.'isi 




002396 


905225 


908001 


010731 


913409 




1 










S995& 


902444 


905272 


908040 


910776 


91*433 




2 








890080 


809612 


902401 


005319 


908095 


910821 




016124 


3 








896729 


899000 


008539 


905366 


908141 


910800 


013541 


018167 


4 






0.800779 




0.902586 


0.905412 




0. 010911 


0.913583 








696828 


'6907.57 


902634 




00S233 


910956 


913080 




6 








896877 


S99S00 


902681 




908279 


911001 






T 










899854 


902729 




008324 


911040 


913718 


UI6341 


6 








89697 (i 


809902 


902776 




908370 


911091 


913762 


916SB4 


9 










0.8UO951 


0.902824 


0.9a5&l5 


0.908116 




0.913800 














899099 


902871 




909462 


911161 


013850 


010470 


II 








8»n-Jl 


90004T 


903919 




908507 


911226 


913691 


916514 


12 








897173 


900095 


D«ao6e 


905785 


008533 


911271 


913938 


910557 


13 








697222 


B00144 


eowH 


903832 


9U85U9 


911315 


013992 


910600 


14 








0.900192 


0.903061 




0.908044 












'fi973aO 


9002JO 


993109 




908090 


911405 


914010 


016067 


16 








897M9 


0002J-S. 


903156 




908730 


9)1450 


SI4I11 


916730 


IT 








89741 B 


90B337 


903203 


906018 


908761 


91 1195 


014158 


016778 


18 








897467 


9D03H5 


903250 


906061 


908827 


911510 


014202 


916810 


19 




20 


U. 897616 


0.900433 


0.903299 


.900111 


0.908973 0.911564,0.914246 


0.9 16850 






SI 


807565 


900481 


90JS45 








010902 








32 


897014 


900629 


aU3S93 


906304 


9OSU61' 911674 




910943 


23 






as 


89766J 


900576 




906250 


000009 911719 




910080 








34 


897712 


900620 


903467 


900296 


9000551 91 1163 




917032 


24 




Si 


0. 897761 (O.91>O674;0. 903514 U.90«iS43;o.9OU10l 0.911808 


0.01+466 




25 




an 


697810 


900722 


903591 


9<M1389 909140; 911853 


014310 


917116 


16 






OT 


897859 


900170 


903629 


900433 0091921 9H897 


014554 


017161 


ST 






BS 


897909 


900619 


903676 


906482 90923II 911942 


014596 


017204 


SB 






K> 


897957 


OOOHIk, 




900528 0002ns 
t.90O5T5'o.90O32» 


911967 


9)4641 


B17247 


» 






0.898006 O.OOOUIl 


0.903770 






*0 




81 


89B05S 


90U902 


903817 




909374 913070 


014729 


017833 


■1 






SS 


89810 1 


901010 


903864 


906601 


909419 912121 


014773 


017376 


33 






31 


898153 


90J05a 


90S9II 


906713 


901M(!4l 912165 


014817 


017419 


33 






S4 


808202 


901100 




000700 


9005101 912210 


911860 


917462 


34 
36 




U 


0.8982500. gOllM 


0.901006 




0.900555 10. 91 2254». 914904 






■6 


898299 90l20a 


904053 




909001 


913291 


914918 


91 75 48 


80 






37 


898318' 901310 


904100 


906898 


909040 




914992 


917591 








38 


8983971 9012OS 




900943 


900091 






917034 








39 




904191 


9U099I 


909737 


912433 


015079 


917076 


30 




to 


0. ti98494'«. 901394 0.9U424I 








0.917710 


40 




41 








907083 


900627 


912522 


015166 


917762 








43 




90UU0 




907129 


009673 


912500 


015210 


9I780S 








4S 


60S641 


901537 


904a»2 


907175 


909916 


913611 


015251 


917848 


43 






U 


698689 


901S85 


904429 


907222 


909963 


912055 


015207 


017891 


41 




4S 


0.698736 


0.901632 




0.90T269 


9.910009 


D.012090 


0.015341 


0.017034 


45 






896787 


001G81 


904523 


907314 


910054 


. 013744 


013385 


917970 


46 








898635 


001729 


004570 


907360 


010099 


» 013788 


915129 


918010 


47 








S9BBS4 


901776 


904617 


997400 


910144 


912833 


015472 


918062 








40 


698933 


901824 


004664 


907 4S2 


910190 


918877 


915515 


018105 


49 






O.SOBUai 






0.907498 


a .910235 


l>. 012922 




a.019147 








690030 


UOlUii 




907S44 


910290 


912906 


015602 


019190 


SI 








899079 




904801 


907390 


910325 


913010 


9)Sfrl6 


018233 


52 






sa 


890127 
899176 


9020 IS 


904851 


90T030I 


910370 


913055 


9l50ti<) 


918276 


53 






S4 


90a»3 


904699 


907692 


91(M15 


913099 


915733 


918318 








1) .899224 


HI. 9021 10 


0.004915 


U. 907720 




11.913113 


U. 915776 


b. 918361 


55 






89927I 


902 Li*! 


904y92 


907774 


'91O50O 


913187 


01563H 


018101 








SJ 


89932 


»220« 


905039 


907821 


910551 


913232 


015863 


918416 








ss 


899370 


90225) 


905085 


007800 


910390 


913276 


915907 










t» 




90230 


005132 


0079 12 


010011 


01332< 




9)9332 


59 
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TABLE XXIII. 








LooARiTHUS of the Sum and Differemck. 








H. 


tVH Oa DIFFERtNCE. 


M. 




112" 


1130 


1140 


115'^ 


116° 


111" 


118° 

0.033060 


II90 




U. Bias 74 


0.021107 


0.923501 


0.620026 


0.08!142U 


0.030766 


0.035330 


tf 






man? 


oaiuB 


923632 


920006 


928-lOb 


U30801 


033101 


935358 


1 








BI8U50 


921100 


023073 


920110 


92B4D9 


030843 


033141 


685305 










818702 


021233 


023714 


920150 


928539 


03IJ88S 




935439 


3 








918745 


621274 


9^3755 


020100 


628578 


93002J 


033211 


635400 


4 






0.U18JB7 


U. 621315 


0.923790 


6.920230 


0.62 8618 


0.030959 


0.033255 




a 






QI8S3D 


921857 


623837 


926270 


928657 


030908 






A 








018872 


021800 


92S8TB 


026311 


088066 


031036 


933331 












918915 




92S0I9 


020351 


088730 


031075 




9350 18 










918057 


621482 




926301 


928775 


631114 
0.031152 


033407 


03565 S 


-j2- 






O.OIOOUO 


D. 021521 


0.624001 


0.920431 


0.928815 


0.033444 0.635602 






0IB04;i 


621500 


924042 


086171 


988854 


631101 


033482 


635720 


II 








910085 


621007 


921083 


0S651) 


928863 


931286 


083330 


03S7ea 


19 








910127 




624124 


0265S1 


928632 


031268 


0USS8 


D3SS0I 












921001 


621104 


026501 


928672 


031306 


933605 




14 






CSlWiW 


0.921732 


0.624205 


0.920031 


0.929011 


0.631345 


0.OS368SO.93587T 


IS 






B1M54 


021774 


024240 


020071 


926050 


931 383 


083671 


935014 


10 








» 19207 




024287 


020711 


029000 


931422 


083709 


035051 














024 328 


920751 


0201 2F 


931400 


038747 


035988 










616381 


921899 




920791 


9201 C8 


931490 


933784! 636035 


ID 




20 


0,010424 


0. 021040 




0.620831 


0.929a07 


0.O31S37 


0.933822 0.030002 


80 




SI 


010406 


6216B2 


924450 


920871 


929841 


931570 


933860 036000 


81 






22 


91M08 


922023 


924491 






031014 


033898 


030136 


22 






as 


619551 


922005 


024531 


926051 


620385 


031 653 


933935 


030173 


23 








919503 


92a 106 


624572 


920001 


929301 


931691 


933973 


930210 


34 




2S 


0.016G3S 


n.9!214» 


0.D24UI3 


0.027031 


0,920403 


0.631729 


0.931011 


0.930247 


35 




26 


919677 


922189 


024651 


027071 


989448 


931708 


034048 


036284 


26 






3T 


910720 


922231 


021091 


027III 


929482 


031806 


934086 


630320 


27 ■ 








919702 


922272 


02473S 


927161 




0S1845 


934123 


636357 


28 






20 
30 


919S04 


922S1S 


924776 


027101 


6265 OU 


931883 


034101 


636894 


89 




0.919840 


0.022355 


0.924B16 


0.927231 


0.020500 


0.931921 


0.9341060.986431 






11 


61U88B 


022396 


924857 


927270 


920038 


631960 


•934230 


636468 


31 






33 


010631 


022438 


024897 


927310 


920677 


931998 


934274 


936505 


83 








610073 


022470 


921038 


627350 




932036 


931311 


936541 


83 






84 


620015 


922520 


921070 


9S7S0D 


929755 


932075 


034349 




34 




3S 


0.62005T;o.9ia6C2U.OM010 


0.927430 


0.620794 


0.038113 


0.034386 


0.930615 






88 


020099 


922603 


925000 




629B33 


632151 


934421 


630052 


86 








020141 


922614 


925100 


927509 


689872 


932186 


934461 




37 








920 1H4 


9226B6 


025141 


927 ,M 9 


629911 


932228 


034490 


036725 


SB 






■9 


92o:i;iO 


022727 


025181 


927589 


020650 


032200 


034536 


080702 


SO 




40 


0.9-ill^tiH 


9.022768 0.623222 


0.927029 


0.020686 


0.032301 


0. 034574 


0.930799 






41 


9K0310 


022810 


925202 


927068 


930028 


632318 


034011 


930835 


41 






42 


920352 


022851 


025309 


62770S 


9300U7 


032380 


934040 


936872 


48 






43 


O20394 


922S92 


925343 


027748 


930106 


933116 




93690S 


48 






44 


020438 


022033 


925381 


927787 




932457 


634723 


030946 


44 




4S 


D. 020478 


0. 622975:0.925424 


11.927827 


0.O30I84 


0.932405 


0.934761 


B. 930082 


45 




46 


U2USVU 


023016 


025165 
925Sft 


087867 


930223 


032533 


634706 


937010 


46 






4T 


030502 


923057 




93D2(>8 


932571 




037055 


47 






4S 


920OOI 




025543 


927040 




9S2O00 




937093 


48 






40 


020040 


023131 


025580 


927085 


930330 


632617 


934610 


937189 


40 






0,020<W(I 


a. 023 181 ;o. 915020 


0.98802* 


0.63W378 


U. 638085 


0.034948 


0,037105 


60 






020730 


623222 


925OG0 


028005 




93878! 


634685 


937802 


61 






S2 


020772 


623263 


925707 


628104 






035022 




«3 






BS 


020B14 


923304 


625747 


628114 


630405 


632800 


935000 


l»7275 








G4 


92085S 


023345 


625788 


9281B3 


930533 


0S8838 


03S097 


B3T31I 


64 






.620807 




0.025828 


0.628223 






0.635134 


0,D8784» 








eauuju 


023427 


625808 


928203 
















ST 


OliUOBl 


923408 


625008 


628302 




932653 


935200 


63743] 








as 


021023 


923506 


925049 


02B342 


930088 




OS5240 


987 I5B 


5B 






S9 


921005 




925989 


628381 


030727 


B33U28 035883 


037404 


60 

















TABLE XXIll. 


171 






LooAKiTHHs uf the Svu and Dipfbkkmce. 








M. 


120° 


121= 


iaa° 


1230 


124° 


125° 


^126° 


127" 


M. 






U,a3T631 


0.939697 


0.911819 


0.013890 
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916237 
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042239 
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0.914412 
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950190 


962387 
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950554 
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E3 
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24 
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950660 
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S. 05257 5 
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042725 
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aa 
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as 
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918878 
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30 
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31 


938656 
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31 






32 


938691 
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917001 


948075 


9S090S 


953703 


32 






39 


938727 


940869' 94:1068 




947037 


019008 


950937 


952824 


33 






31 
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015058 


9470T0 


949040 


950968 


052865 

». 052886 
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0.038799 


0.940940,0.013037 
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3a 
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917136 
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ST 
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951064 


962949 
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39 
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38 
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I).0452'61 


0.947260 


0. 019235 


0.0S1159 


0.953043 
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'04I152 


043245 




917303 


940267 


951191 
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041187 


043270 


94S32t 


917335 


949300 


951222 


953101 


42 






43 


939087 


911222 


043314 


915362 


947369 


040333 


951254 


953135 


43 






44 
49 


039123 


0412SS 


013318 


91 S 306 


917101 






953100 


41 




0.941203 




0.915430 


0. 01 7431 


0.010397 


0.951317 


0.963107 


46 




4(1 




0413S8 


043417 


015404 


017467 


949429 


951340 




46 






47 


030231 


041363 


013152 


015497 


917500 


919101 


951S81 


953259 


47 






48 


939267 


041398 


0134BC 


015531 


917533 


949494 




953290 


48 








930303 


041133 


913SaO 


0455B5 


917566 


940526 


951441 


053321 


49 




SO 


9.939330 


1.941109 


0.913555 




0.917600 


11.919558 


0.95117b 


1.953352 


50 




SI 


039375 


041501 


943589 


015032 


947632 


919591 


95IS07 


963383 


61 








0S04IU 


941539 


913624 


04S6W, 


947665 


010023 














030146 


041 574 


943658 


945699 


017608 






053144 








54 


0S01B2 


941600 


943693 


915733 


047731 


910688 


951603 


953475 


54 






D. 0395 18 


0.941641 


0.043727 


0,945707 


0.91776i 




0.951614 


0.953506 






55 


OlOoSl 


041679 


013761 


94580U 








955637 








ST 


uawiso 


04171. 


91370(1 




017831 




951091 


0636GB 


67 






fiM 


9396^5 


94171: 


13830 




917B63 


919816 


951738 


953590 


68 








o:)06e 






94590 


91789U 
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OS1700 


953020 
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S8 
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«i 


«S19«tt 9*67U 9*8*03 
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« 
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44 


»*soe* 
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4S 
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4« 
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900(1 
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KMBS 


•OSTSOi 

I.SOSMJ 


tt6*M7 
I>.9G*~3S1 
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SO 
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SI 
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to 


9S4S6K 


9*7l*t> 
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•T 
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twsoas 




07ia4a 




974302 


075627 


070914 


978105 


68 






to 


wwosa 






972063 


974324 


976618 


070635 


078186 


39 
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TABLE XXIII. 








Loo^niTHMa of the Suu and Divferkkcb. 








M. 


SUM on DIFFEIIENCE. 


M. 




144° 


145° 


140" 


117" 


118° 


149° 


150= 


ISl" 




0.978206 




0.980S9i> 




0.083843 


0.983011 


0.984044 


0.986942 








OTsaa? 


979430 


980010 


981760 


983B60 


08393^ 


984961 


BS69»8 












979J50 


B80835 


981771 


983878 


083940 


884978 


985074 












079470 


B806S4 


081703 


983896 


083003 


084DB4 












978388 


070400 


980673 


981812 


BB2911 


083981 


085011 


980007 








0.97830U 


0.970510 


0.980(iU3 


0.081830 


0.982932 


0.083098 


0.986038 


0.988023 








97832<J 


970530 


980711! 


981840 


982950 


081015 














978350 


970550 


980731 


981 868 




084033 


985069 


988058 










07S370 


070578 


0807SD 


981 886 




9810S0 




980072 










978391 


970598 


980770 


9819U5 


083004 


984068 


98509g| 088088 








0.978411 


O,97001(. 


0. 980780 


0.081924 


0.983022 


0.9810BS 


0.0851130.086104 


10 








O70U3B 




981912 


083010 


984103 


985120 


080131 


11 






13 


0784S2 


070058 


980837 


981901 


98305B 


984120 


985116 


080137 








19 


078473 


970078 


980846 


981979 


983076 


984137 


086153 


080153 








14 


078J93 




980806 


081998 


983091 




085180 


986100 


14 




IS 




0.070717 




0.082010 


0.983113 


0.984172 


0.986100 


0.W0185 


19 




16 


'978533 


970737 


980904 


08203S 


083130 


984190 


985313 


880202 


16 








B78S5J 


979757 


980923 


982054 


083118 


984307 


085380 


986218 


17 








978574 


970770 


980912 


982072 


BB81G6 


084334 


085347 


86623.1 








11> 


9785yj 


070796 


9B0961 


982U91 


083 IBl 


08424S 


086304 


9S63G0 


19 




90 


0.978015 0.970810 


0.980981 




0.083303 


0.884360 


0. 886380 


0,086180 


30 




ai 


978635 


070835 


981000 


082128 


0833S0 


884878 


B86307 


886382 


81 






aa 


978055 


970855 


981019 


982110 


983238 


B84a04 


B8GS14 


osoaoB 








as 


97BG7C 


979875 


981038 


882165 


983250 


084311 


985S30 


086816 


33 






34 


978090 


979805 


981057 


982183 


983278 


984328 


985847 


986131 


34 




M 


0.9787IHO.O7 90140. 0810J6 


0.982202 


o.BBsagi 




0.860864 


U.98U47 


36 




86 


978730 970031 


981005 


083220 


083809 


884868 


SSH80 


986(08 








2T 


978757 


B70954 


981111 


982238 


083327 


984880 


98SS07 


osetTO 


27 






as 


978777 


079973 


081133 


982257 


083345 


984897 


886414 


Baet86 


38 






ao 


978797 


079993 


981162 


982275 


0BS369 


081414 


68S4S0 


986411 


39 






0.97Bdl7 


0.080013 


0.981171 


0.0832040.983381 


0.984432 


0.986447 


0.9964 IIT 






ai 


B7B8Se 


080033 


981100 


082312 


983398 




985464 


086148 








sa 


978858 


980053 


081300 


983331 


983410 






986469 


aa 






83 


078878 


990071 


931 328 


983310 


083431 


084483 


885497 


980176 


88 






M 


978698 




081247 


082567 


983452 


081600 


086614 


980491 


84 




Bfi 


0.078918 


0. 98011010.981300 


0.983380 


0.983109 


0.981518 


0.986630 


0.986507 


85 




36 


078939 


98013D 981285 




083187 


981635 


985517 


086533 








87 


978980 


080119 081304 


083133 


983505 




985563 


BB653B 


ST 






8S 


078979 


980109 981333 


982441 


983633 


984669 


986680 


088566 


38 






10 


978999 


O8OIBO: 981313 


082159 


983610 


981686 


985696 


086571 


B9 




40 


0.070019 


0.980208 0. 081 Sfil 


0.082177 




B. 984808 


0.085813 


0.986587 


40 




41 


B7903B 


080328; 9B13B0 


982190 


'983576 


981820 


086630 


886603 


41 






4a 


079050 


080347 


981309 


083511 


083504 




985646 


886610 


43 






43 


970070 


980367 


081417 


083533 


B8S011 




885663 


980036 


43 








979100 


980380 


081430 


082551 


9HS039 


884073 

[). 984080 


986670 
0"t«6696 


980661 


44 






0.979120 


0.98030S 


0.9814S5 


oTmsim 


0.083047 


0.986667 


46 




40 


879140 


980325 


081474 


982587 


083661 


984706 


9BS713 


986683 


46 






47 


B7B16( 




981493 


983605 


083682 


981723 


9857^8 


980699 


47 






48 




0803& 


981SH 


083631 


U83700 


B84710 






48 






40 


D7D30( 


980383 




982643 


083717 


084757 


085761 


980730 


49 




50 


0.979230 


0.980403 


0.081549 


0.982000 


0.983735 


0.084774 


07^7"78 


0.986746 


60 




SI 


979341 


980433 


081508 


982678 


983762 


984791 


085794 


9B676: 


61 






S3 




OB0143 


081587 


983606 


083770 


984808 


986611 




69 






BS 




S80401 


981606 


982716 


083788 


98483S 


98582; 










64 


970300 


080480 


981636 


982733 


983805 


981842 




B86B09 


64 




S5 


0.O79S20 


n.9S0500 


U.08IQ43 


0.983751 


0.083823 


0.081850 


0.085880 


0.986835 


56 




SG 


979310 




081003 


9S270B 


983810 


084878 


985876 


980641 


5a 




i fiT 


979300 




081681 


983787 


083858 


084893 


985803 086857 


ST 




1 sa 




980558 


981D90 


082803 


983875 


984910 


986909 966873 








50 




980577 


981718 


982823 


983893 


981927 


98S92S| 986888 


SB 

















TABLE XXIII. 
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LooAftiTaiii of the Sdm and Dtrwmsci. 








M. 


llm OB UIFFERENCE. 


^~ 




isao 


153° 1 ISi" 


ISS« 


150° 


157° 


168° 


159° 






0.9878320.988724 


0.980582 


0.000404 


0.991193 


0.991947 


0.992600 










087847. 988739 


9B9595 


000418 


091306 


991959 


992078 












0B78U3 968753 


0S9flD9i 


990131 


991218 


991071 


002600 










9S60S1 


987877 0887 98 


080633 


990445 


991231 


991083 


092701 










QSeWT 


987893 988783 




090458 


001244 




092713 










0.987007 0.988797 


0.0806SI 


0.990471 


0.991257 


0.992008 


0.992785 










087022 088811 


080666 


990185 


991270 


092030 












987014 


987937 088826 


080670 


990498 


991282 


092033 














087963 088810 


980603 


090511 


991396 




902750 










98704S 


9B79GB 98885S 


980707 


99053S 




092057 


092771 








■0.9B70CI 0.9879M CBSSaflU' 


0. 080731 


0.990536 


0.991321 




0.002783 








087077 987998 BH^tiHI 


080735 


990551 


091333 


0O308I 


00*704 










087092' 988013 988898 


090740 


090565 


901340 


092093 


093806 










e»7108| 9880^8' 988UI3 


080703 


990578 


091369: 992105 


992817 


11 








9871:24 


988043 088037 
0.9880^80.088942 


089777 
0,980700 


990501 


991372! 992117 


992829 


14 






a.9tlT139 


0.09060S;0.99I384 0.003130 


0.002841 








987165 


988073 988956 


980804 


990018 


091397 99SI42 












087170 




989818 


090631 


091410 992154 


992864 










99719fi 




080833 


090044 


9914321 992160 
9914361 992178 


992875 










087202 




080840 




902887 


19 




20 


0.98V3I7 


0.9BB133 0.089014 


U. 080861 


0:9JKKi7l 


0.9914480.003100 


0.002808 


20 






087213 


968148 U80038 


089S71 


09068.1 


991460 


992303 


992010 


91 








087348 


088163' 980042 


Oh0887 




991473 


993314 


992921 


» 






23 


987264 


088178 039037 


080901 


0907 l] 


991460 


992220 


9029M 


23 






24 


967279 


988193' 989071 


0S0U15 


900721 


991498 


993230 


093914 


24 




2fi 


A.98720S 


0.088208 0.989086 


0.080939 


0.990737 


0.9915110.092351 




25 




26 


087310 


D86223 


989100 


080043 


900750 


9915311 992203 




26 






37 


987S26 


088837 


9B91I4 


080056 


990763 


0915361 992275 


993979 


27 






SB 


087341 


988252 


989128 


089970 




0916491 992287 


903990 








S9 


0873S7 


0B8207 


989113 


080081 


090790 


00156l| 993299 


993002 


30 




SO 




9.088383 


0.989157 


0.080097 


0.000803 


0.9915740.992311 


0.9O30IS 




31 


'9B7SB8 


0B829T 


980171 


990011 


900810 


901586 


002323 


991024 


31 






32 


987403 


968312 


989180 


990025 


990820 


001590 


992335 


993030 


32 








087419 


988327 


989200 


990038 


990812 


001612 


992347 


993047 


SI 






34 


9B7414 


088342 


9B9214 


9900*2 


990855 


001624 


092358 


993050 






3S 




0.0883SO 


0.9B9228 


0.090060 


0.9916370.992370:0.903070 


35 




U 


967465 






090070 


'990882 


0016491 092382 


993061 


36 








987480 


08838G 


989267 


000093 




901 002 1 092304 


993093 


37 








087400 


988401 


980271 


990107 










18 






39 


087511 


088410 


9B9385 


000120 


09092 1 


il91687 


092418 
0.002430 


093115 


39 




40 


a. 087*20 


0.988430:0.089300 


0.090134 




D. 091609 




40 






987641 


088145 


989314 


000148 




001713 


092442 


993138 


41 






43 




98H400 


089328 


000161 


000900 


901734 


093J51 


093149 








4) 


SBTST3 


988475 


089342 


009175 


000073 


991730 


002466 


993101 


41 






44 


98TS8S 


088489 


989360 


990188 


0001)80 


001740 


992478 


993173 


41 






B.987e0i 


0.088504 


0.080370;0. 099302 


0.090999 


0.991761 


0.9924^90.993181 






40 


987618 


988519 


089381 


990215 


091012 


901774 


092501 


991195 








47 




986533 


989399 


990229 


991033 


901786 


002511 


993296 


47 






48 




988548 


989413 


990243 


991038 


091709 


002525 


993317 


46 






49 


087661 


088663 


989427 


990350 


991051 


091811 


998SB7 


093228 


49 






l).»B767y 


0.9BB578 


0.989441 


0.990370 


0. 001064 


0.001833 


0.992519 


0.993210 






ai 


087695 


088592 


089155 


990283 




001836 


092500 


993251 








82 

S3 


087710 
08772.1 


981-023 


089409 


090207 


001102 


001818 
991860 


993572 

992584 


091202 
903973 


19 

SI 








087740 


98H03H 


08010^ 


000331 


901116 


991873 


992596 


991281 


S« 




&b 


D. 987756 


[1.988031 


B. 0806 11 


0.990337 


0.991128 


0.991SB5 


0.992607 


0.991390 


G5 




66 


967771 


988060 








991897 


092010 


901307 


00 








0877 S& 






090304 


99115; 


991910 


992031 


991318 










087801 






990578 


991107 


991922 


092643 












987816 


968709 


089507 


900391 


001180 


991931 


992064 
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TABLE XXI II. 
LooAKiTHut of the Sif H and DirrftUMCX. 








M, 


iVM OK DIFFERBNC*. 






lUO" 


IGl" 


loa^ 


103-^ 


101° 


105° 


106° 


18IO 



2 

a 


o.esssfii 

0U3383 
993374 

993383 


0,004003 
004013 
094024 
094031 
09401S 


O.D0162n 

091030 
091640 
094050 


O.095i03 
905213 
095233 
005331 
90524 1 


0.995753 
005702 

005771 
095770 

005788 


0.000209 

006377 
006285 
000303 
990302 


0.006751 

096774 
006783 


0.007199 
007806 
007314 
B9733I 




6 
7 

e 

9 


0.90341)1 
093418 
093429 
0934 10 
093451 


U.094Ma 

B!14000 
901070 
991087 
904(197 


U. 001670 
004680 
904GOO 
991700 
994710 


0.0952SO 
W5800 
095209 
905378 

995288 


U.U0ST97 

095800 
095814 
U05833 

005832 
0,006841 

095850 
905860 
005807 
095H7U 


O.U06J10 

906318 
006327 
990335 
990343 

0,000351 
0963 5 'J 
09U36!J 
006370 
000381 


0. 906780 
006701 
006806 
006812 
0968:^0 

0,000828 
006835 
006813 
006851 
006858 


0.007235 
007213 
007211 

007 3U4 




10 
11 
IS 
IS 
14 


0.UO34U2D.U04108 
003473: 994)18 
0D348l! 094 120 
005495 994139 

aossao! 991130 


004729 
094739 
091710 

091759 


O.!t05a97 
9953 !H 
005316 
005325 
00^334 


0,907271 

097a78 
007385 
007308 
097290 


11 
If 


IS 

la 

17 
18 

10 


0.993tl7 

903^:^8 

OOliCI 


0.044100 
001171 
904181 
004191 

004202 


D.004T09 
001770 
001780 
991708 
001808 


0.006344 
095353 
005362 

00537; 
095381 


'905801 
005002 
095911 
995920 


U. 006302 
006400 

oooiir 

906135 


006874 

000881 
006880 

990911 
990919 
990027 
006034 


0.007306 
0973 13 
007320 

001327 

oToojTu 

001348 
007355 

01)7362 
007360 


16 

18 
10 


10 

ijl 

22 
31 
24 

SO 
87 
38 
2U 


OOSiOl 
003611 


00422! 
004233 
901313 
094254 


DOlijSti 
001817 
004857 

0.094867 
004877 
004881 
904li90 


0.005300 

906309 
005109 
995418 
095427 


0.905928 

995037 
00504 U 

005063 


0.006433 
006411 
096440 

006437 
0UC4C5 


30 
SI 
82 
83 
84 
~8fi 
26 
27 
88 




0.004204 
001374 
094385 
094^95 

0913 OA 


0.0954341 
005141 

00545S 


0.006072 


0.906478 
000483 
DM100 

D'J64U8 
090500 


0.000912 
900919 
B9G057 
U90V61 
906073 


0.007376 
0S7383 

oo:tuii 

00:3'J7 
0071111 


ID 
11 
12 
1) 
14 


0.993UU1 

0OS703 
003714 


0.99431U 
DU4320 
00433)1 
094340 

094357 


0. 09(910 
091036 
0O4035 
904945 

001055 


O.O051B2 
005401 
095501 
005510 
005510 


0.096015 

006011 
000010 


0.006511 
996523 
006530 
096538 
000546 


0.000070 

006087 
096901 
997002 
097009 


0.007411 

097433 
091430 
0.001445 
007468 
007460 
0BT46U 
007473 


30 
SI 
38 
S8 
U 


16 
>7 

18 


0.001735 

00374U 
0037 ST 
003708 
093770 


0.0943U7 
09437! 

001308 
004408 


D.904UU4 
001974 

004084 
094093 
995003 


0.995628 
005537 
005540 
005534 
99S504 


0.006058 

090076 

09G083 
006092 


U. 006554 
006563 
006570 

006578 
006SHU 


O.OOIOIU 
997024 
097031 
097039 
997040 


u 

■B 

n 

*8 
80 
40 
41 
49 
43 
44 


4U 

42 
41 


0.O0S780 

0U3M0U 
003811 
093822 
093832 


0.0944180.005013 

004438 905032 
004448 OOJ041 
001450 0040.^1 


0.005573 

005582 
0O5S01 
006601 
005610 


U.090100 
096100 
008117 
906126 
006134 


U, 006604 
00600 U 
0U6610 
006618 
0060:^5 


007061 
00708! 


0.097480 

99T48I 
907103 
007600 


*i 

40 
47 
48 
40 


).V03S43 

0U38S4 
003801 

oeinnt 


0.0044090.005001 
004179 994070 
DU4180 995080 
0U449U 001089 
904509 905099 


"00662( 
005637 
005640 

0056:^5 


U, 006143 
996151 
090160 
006168 

006171 


0.006033 
090U41 
000610 
000057 
096005 


0.007090 

007098 
007106 


0.997611 
9'(7fi20 
007627 
0976S4 
907341 


45 

46 
4T 

48 
40 

1j 

S4 


90TI2< 


*1 

tl 

G4 


0.00S8OU 
903028 

0030:1 


3.99451910.905108 
001520^ 006118 
U9454d 0051» 
U0455O 005137 
OOlSnu 005 I4U 


0.0058i>4 
99567 a 
905681 
905090 
005000 


006201 
006210 
000210 


U.906UI8 
006680 
006688 

000704 


6.007127 
997131 
007141 

007158 


0.007647 
007651 
007601 
007568 
UOT574 


SS 
(« 

»J 
SB 
iO 


U. 003910 
0030UU 
003071 
003082 

gu300;j 


D.99457U 
004581 
001500 
O94U0U 
091011 


». 905 ISO 
995165 
005175 
905181 
U05191 


U.005708 
005T17 

905720 

00571 


0.000227 
996335 
006344 

0U63')2 


U. 0067 12 
006720 
006731 


9.997183 
007170 
097178 
097185 
097103 


0.907681 
091588 
007594 
907691 
O0T6O8 


66 
67 
08 
00 





















TABLE XXIll. 
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005178 
005208 
005237 
005267 
005207 



005327 
005357 
005387 
005417 
005448 



Piurti qo Iparti 




1 
1 
1 
2 



2 
3 
3 

4 
4 



5 
5 
6 
6 

7 



7 
7 

8 
8 





10 
10 

11 
11 



12 
12 
13 
13 
14 



14 
14 
15 
15 
16 



16 
17 
17 
18 
18 



10 
10 
20 
20 
20 



21 
21 
22 
22 
23 



23 
24 
24 
25 
25 



26 
26 
27 
27 
27 



0054781 
00550M 1 
0U5530| 1 



0055701 
005600 



005631 
005662 
005603 
0057^4 
005765 



005786 
005818 
005840 
005880 
005012 



006044 
005075 
006007 
006030 
006071 



006103 
006135 
006167 
006200 
006232 



006264 
006207 
006330 
006362 



0064281 
006461 
006404 
006527 
006560 



006501 
006627 
006661 
006604 
006728 

^762 
006705 
006820 
006863 
006807 



006031 
006066 
007000 
007034 
0070601 



007103 
007138 
007173 
007208 
007343 



007278 
007313 
007348 
007383 
007418 



a 
2 



3 

3 
4 
4 
5 



5 

6 
7 
7 
8 



8 



9 

10 

10 



11 

la 
12 

13 
13 



14 
14 
15 
15 



006305 16 



17 
17 
18 
18 
19 



19 

ao 

20 
21 
21 



22 
23 
23 
24 

a4 



a5 

as 

26 
26 
27 



as 

as 

39 
39 
30 



30 
31 
31 
3a 
33 



s. 





1 

3 
3 
4 



5 
6 
7 

8 
9 



10 
11 
13 
13 
14 



15 
16 
17 

18 
19 

20 
31 
32 
33 
34 

35 
36 
37 
38 
39 

30 
31 
33 
33 

!1 

35 

36 
37 
38 
39 

40 
41 
43 
43 
44 



45 
46 
47 

48 
49 



50 
51 
53 
53 
54 



55 
56 
57 
58 
59 



w r '^t n i rrft m. — -»t>> ■■- _.n. 



aoo 



TABLE XXV. 



Natural VfiittED Siif es. 



M. 



1 
a 

% 

4 



5 

6 
7 

8 




10 
11 
IS 

u 

14 



19 

la 

17 
IS 
19 



SI 



34 



0081801 
008S17 
0082541 
1008891 
008990 



S7 
i8 



81 



14 



87 
88 

SO 



40 
41 
48 
48 
44 



a 

40 
47 

48 
40 



50 
51 
58 
58 

54 



55 
50 

57 
58 

89 



JO 



Parti go 



007454 
007480 
007585 
007561 
007506] 



0076S9 
007668 
007704 
007740 
007776 



007818 
007840 
007885 
0079S8 
007058 



007905 
008038 
008060 
008106 
008148 



008866 
008404 
008448 
006470 
008517 



008555 
00850S 
008631 
008668 
008708 



008746 

008784 
008828 
008868 
008000 



008039 
008078 
009017 
009056 
009005 



900134 
009173 
000218 
000258 
900298 



000881 
009871 
009411 
009451 
009491 



000531 
009571 
009611 
000(151 
009691 




1 
1 
8 

8 



3 
4 
4 
5 
6 



6 

7 
8 
8 





10 
U 
11 
18 



H 
13 
14 
15 
15 



16 
16 
17 
18 
18 



19 
80 
80 
81 
88 



82 
83 
23 
84 
85 



85 
86 
87 
87 
88 



88 
80 
30 
30 
31 



38 
38 
33 
34 
34 



85 

35 
36 
37 
87 



Paru , 0© 



009738 
009772 
009813 
009854 
000694 



000035 

0099761 

010017 

010068 

OIOIOO 



010141 
010188 
010384 
010265 
010307 



010349 
010800 
010432 
010474 
010516 



0105581 

010601 

010648 

010685 

010788 



010770 
010813 
010854 
010898 
010941 



010984 
011027 
011070 
011113 
011157 



011200 
0U244 
011287 
011331 
011374 



011418 
011462 
011506 
011550 
011504 



011638 
011683 
011787 
011778 
011816 



011861 

011005 

0119501 

011995 

012040 



012085 
012130 
012175 
012281 
018866 




1 
1 
8 
3 



3 
4 
5 
6 
6 



7 

8 

8 



10 



10 

11 

18 
13 
13 



14 
15 
15 

16 
17 



17 
18 
19 
20 
20 



21 
28 
83 
84 
84 



25 
26 
26 
27 

28 



29 
89 
30 
31 
31 



32 
33 
34 
34 

3^^ 



36 
36 
37 

38 
30 



30 
40 
41 
48 
48 



Parts 



012812 
018357 
012403 
012449 
012494 



012540 
012580 
012632 
012678 
012725 



012771 
012817 
U12864 
012910 
012957 



013001 
013050 
013097 
013144 
013191 



013238 
013886 
013333 
013380 
013488 



013475 
013583 
013571 
013018 
01 3066 



013714 
013762 
013811 
013859 
013907 



013955 
014004 
014053 
014101 
014150 



014199 
014248 
014896 
014346 
044305 



014444 
014493 
014543 
014592 
014642 



014691 
014741 
014791 
014841 
014891 



014941 
014991 
015041 
015001 
015149 




1 
8 
8 
3 



4 
5 
6 
6 
7 



8 



10 

10 

II 



18 
13 
14 
14 
15 



16 
17 
18 
18 
10 



80 
21 
28 
22 
23 



24 
25 
26 
86 
27 



28 
20 
30 
30 
31 



38 
33 
34 
34 
35 



36 
37 

38 
38 
30 



40 
41 
42 
43 
43 



44 

45 
46 
47 
47 



10° 



Parti I no 



015192 
015243 
015293 
015344 
015395 



015440 
015497 
015548 
015590 
015650 



015701 
015753 
015804 
013856 
015908 




1 
8 
3 
4 



4 
5 
6 
7 

8 



9 
10 
11 
13 
12 



015959 
010011 
01(i063 
016115 
016167 



13 
14 
15 
16 
17 



016819 
016271 
016324 
016376 
016428 



18 
19 
19 
80 
81 



016481 
016534 
016586 
016639 
016698 



29 
23 
84 
85 
26 



016745 
016798 
016851 
016904 
016958^ 



017011 
017065 
017118 
017172 
017296 



017879t 

017SS8 

017387 

017441 

017495 



017550 
017694 
017658 
017713 
017767 



017882 
017877 
017031 
017086 
018041 



018006 
018151 
018207 
018869 
018317 



27 
87 
88 
80 
30 



31 
32 
39 
34 
35 



35 
36 
37 
38 
30 



40 
41 
49 
43 
43 



44 
45 
46 
47 

48 



40 
50 
50 
51 
59 



018373 
018488 
018484 
018540 
018595 



018651 
018707 
018768 
018819 
018876 



Parta 12© 




1 

8 
3 
4 



018932 
01S988 
019045 

OlOlul 
019188 



5 
6 
7 

8 


10 
11 
18 
13 
14 



019815 
019871 
019928 
010385 



15 
15 
16 
17 



01944a| 18 



019499i 19 
019557 20 
019014 21 
019671 29 
019780 83 



019786 84 
019844 25 
019009 86 



019059 
020017 



020075 
020133 
020191 
020850 



02()308< 38 



27 

88 



29 
30 
31 
38 



0203661 
020425 
020483 
020549 
020601 



020650 
020718 
020777 
020836 
020805 



020054 
081014 
081073 
021133 
091109 



021952 
021311 
091371 
091431 
091491 



091551 
091611 
091671 
0917S9 
091709 



34 
35 

36 
37 
38 



30 
40 
41 
49 
43 



44 
45 
45 
46 
47 



48 
40 
50 
51 
59 



53 
54 
55 
56 
67 



021852 
021913 
021974 
022034 
022095 



022156 
022217 
022278 
022330 
082400 



022461 
088523 
082584 
022646 
022707 



022769 
022831 
022892 
022U54 
023016 



023079 
023141 
023203 
023805 
083388 



Part^ IJO 




1 
8 
3 
4 



5 
6 
7 

8 




10 
18 
13 
14 
15 



16 
17 
18 
10 

80 



21 
88 
88 
84 
25 



023390 
083453 
083515 
093578 
083641 



023704 
083767 
023830 
093893 
083956 



084020 
024083 
084147 
094910 
024274 



094338 
024409 
094465 
024590 
094504 



024658 
094799 
094786 
094851 
094915 



024080 
025044 
095100 
095174 
025980 



095304 
095860 
095434 
095400 
095565 



26 
27 
28 
90 
30 



31 
33 
34 

35 
36 



37 
38 
SO 
40 
41 



49 
43 
44 

45 
46 



47 
48 
40 
50 
51 



025630 
025605 
025761 
025827 
025892 



Parta 



52 
54 
55 
56 
57 



58 
59 
60 
61 
69 



085958 
026024 
026090 
026156 
026222 



026288 
026355 
026421 
026488 
026554 



026691 
096687 
026754 
026821 

0268881 



096955 
027029 




1 
9 
3 
4 



6 
7. 
8 

10 



11 
19 
14 
15 
16 



17 
18 
10 
90 
91 



23 
24 



027089 25 



027157 
027994 



26 
97 



027630 
027698 
097766 
027834 
097909 



027970 
098039 
098107 
028176 
098945 



028313 
098389 
028451 
098520 
098589 



028658 
098797 
028796 
098866 
028035 



029005 
029074 
029144 
099914 
099984 



099353 
099493 
090494 
090664 
090084 



34 

35 
36 
37 
38 



40 
41 
49 
48 

44 



45 
46 
48 
40 
50 



51 
59 
53 
54 
55 



67 
58 
60 
60 
61 



69 
68 
66 
66 
67 



S. 


1 

2 
3 
4 



5 
6 
7 

8 


10 
11 
18 
13 
14 



15 
16 

17 
18 
10 

81 
89 

93 
94 



0272921 28 25 

097359' 99 96 

097487 31 87 

027494 39 98 

027569 33 90 



30 
31 
38 
88 
34 



35 
36 
37 
38 



49 

4S 

44 



46 

46 
4T 
46 
49 



50 
61 
69 
68 

64 

56 
66 
6T 
68 
69 



z 



mrnmrnmrr 



mrmmmm 



TABLE XXV. 
Natural Versed Sines. 



201 



M. 


14® 


Pam 


150 


Parti 


16° 


Paru 



170 


M 


18° 


Paru 



! 10° 

• 


Parti 


20° 


Part* 



S. . 





029704 





034074 





038738 


043696 





048948 


054481 





Oii0307 





1 


029775 


1 


034150 


1 


038819 


1 


043780 


1 


049033 


2 


054576 


2 


060407 


2 


1 


2 


029645 


2 


034225 


3 


038899 


8 


043866 


3 


049123 


3 


054671 


3 


060507 


3 


2 


% 


020916 


4 


034300 


4 


038979 


4 


043951 


4 


049214 


6 


054766 


6 


060606 


6 


3 


4 


029986 


6 


034376 


6 


089060 


5 


044036 


6 


049304 


6 

8 


054861 


6 


060706 


T 


4 
6 


5 


030057 


6 


034452 


6 


039140 


7 


044121 


7 


049394 


054056 


8 


060806 


8 


6 


030128 


7 


034527 


8 


039221 


8 


044207 


9 


049484 


9 


055051 


10 


(160006 


10 


6 


T 


030191) 


8 


034603 


9 


039302 


10 


044293 


10 


049575 




055146 


11 


OOlOOO 


12 


T 


2 8 


030270 


10 


034679 


10 


039382 


11 


044378 


12 


049665 




055242 


13 


061106 


14 


8 





030341 


11 


034756 


12 


039463 


12 


044464 


IS 


049756 




055337 


15 


1»61206 


16 





lu 


03U412 


12 


034831 


13 


039544 


14 


044550 


16 


049846 




055432 


lU 


061306 


17 


10 


11 


030483 


13 


034907 


14 


039626 


15 


044636 


16 


049937 




055528 


18 


061407 


10 


11 


12 


030555 


14 


034984 


16 


0S9706 


16 


044722 


17 


050028 


18 


055624 


19 


061507 


20 


12 


U 


038686 


16 


035060 


17 


039788 


18 


044808 


19 


060119 


20 


055710 


21 


061607 


22 


13 


14 


030698 


17 


035136 


18 


039869 


10 


041894 


20 


050210 


22 


066815 


23 


061708 


24 


14 


15 


030769 


18 


035213 


19 


0S9960 


21 


044980 


22 


050301 


23 


065011 


24 


06180fl 


26 


16 


18 


030841 


19 


035280 


21 


040032 


22 


045066 


23 


050392 


25 


056007 


26 


06100M 27 


16 


17 


030912 


21 


035366 


22 


04011S 


23 


046153 


26 


060488 


26 


056103 


27 


062010! 20 


17 


18 


030984 


?2 


035443 


23 


040195 


25 


045239 


26 


050575 


28 


056100 


29 


062111 30 


18 


10 


031056 


23 


035519 


25 


040276 


26 


045326 


28 


05066G 


29 


056295 


31 


062212. 


82 

34 


10 

20 


10 


031128 


24 


035596 


26 


040358 


27 


045412 


29 


050757 


31 


056391 


32 


0G2313 


91 


031200 


25 


035673 


27 


040440 


20 


045400 


31 


050849 


32 


056488 


34 


0624141 86 


21 


1 22 


031272 


27 


035750 


28 


040522 


SO 


045586 


32 


050041 


34 


066584 


86 


062515 37 


22 


28 


031344 


28 


035827 


SO 


040604 


32 


045678 


84 


051032 


35 


056681 


87 


062617 80 


23 


1 24 


031417 


29 


035905 


31 


040686 


33 


045760 


35 


051124 37 1 


056777 


89 


062718 


41 
42 


24 

26 


25 


031489 


80 


035982 


32 


040768 


34 


045847 


86 


051216 


39 


056874 


40 


062810 


26 


031562 


31 


036059 


34 


040850 


36 


045934 


38 


061308 


40 


056971 


42 


062921 44 


26 


27 


031634 


33 


036137 


35 


040933 


37 


046021 


39 


051400 


42 


057068 


44 


863028 46 


27 


26 


031707 


34 


03G214 


SO 


041015 


88 


046108 


41 


051492 


48 


067164 


46 


063124; 47 


28 


20 


031780 


85 


036292 


37 


041098 


40 


046196 


42 


051584 
051676 


46 


057261 


47 


068226J 40 


20 


80 


031852 


36 


036370 


89 


041188 


41 


046283 


44 


46 


057359 


"48 


063328, 61 
06343« 62 
063632 64 


80 


81 


031925 


87 


036447 


40 


041263 


43 


046371 


45 


051769 


48 


057466 


50 


81 


82 


031998 


39 


03652* 


41 


041346 


44 


046458 


47 


051861 


40 


057563 


52 


32 


8S 


032071 


40 


036608 


4S 


041428 


45 


046546 


48 


061954 


61 


057650 


63 


063634 66 


38 


34 


032144 


41 


036681 


44 


041611 


47 


046634 


60 


062046 


62 


057748 


55 


063736, 67 


34 
36 


86 


082817 


42 


036759 


45 


041594 


48 


046721 


51 


052139 


64 


057845 


67 


063838 


60 


86 


032291 


43 


036837 


46 


041677 


40 


046809 


62 


052232 


66 


057943 


68 


063040 


61 


36 


37 


032364 


45 


086916 


48 


041701 


61 


046897 


64 


062324 


67 


058040 


60 


064043 


63 


37 


88 


038488 


46 


036994 


49 


041844 


62 


046085 


66 


052417 


60 


058138 


61 


064146 


64 


38 


89 


032511 


47 


037072 


50 


041987 


64 


047074 


67 


062610 


60 


068236 


63 


064248 


66 


30 


40 


032585 


48 


037151 


52 


042010 


65 


047162 


68 


062608 


62 


068334 


66 


064350! fiM 


40 


41 


082658 


49 


087280 


63 


042004 


66 


047260 


60 


062696 


63 


058431 


68 


064463 


60 


41 


42 


08278^ 


51 


037308 


64 


042178 


68 


047380 


61 


052700 


65 


068529 


68 


064666 


71 


42 


48 


032806 


62 


087887 


66 


042261 


60 


047427 


63 


052883 


66 


058628 


60 


06466{^ 


73 


43 


44 


032880 


53 


037466 


67 


042346 


80 


047616 


64 


052076 


68 


058726 


71 


064762 


74 
76 


44 
45 


46 


032954 


64 


037545 


68 


042420 


62 


047604 


66 


058070 


60 


058824 


73 


064866 


46 


033028 


56 


037624 


69 


042613 


08 


847803 


67 


058163 


71 


058922 


74 


064068 


78 


46 


47 


038102 


57 


037703 


61 


042607 


85 


04n82 


60 


053257 


72 


059021 


76 


065071 


70 


47 


48 


033177 


58 


087782 


62 


042681 


66 


047871 


70 


058851 


74 


059119 


78 


065174 


81 


48 


49 


033251 


59 


037861 


63 


042766 


67 


047060 


71 


053445 


76 


059218 


79 


065278 


88 


40 
60 


60 


033325 


60 


037941 


65 


042840 


60 


048040 


78 


053538 


77 


059316 


HI 


065381 


85 


61 


033400 


82 


038020 


66 


04203S 


70 


048188 


74 


053632 


70 


059415 


82 


065485 


86 


51 


68 


038474 


63 


038099 


67 


043017 


71 


048227 


76 


053726 


80 


059-H4 


84 


065588 


88 


62 


58 


033549 


64 


038179 


68 


04S102 


78 


048316 


77 


053820 


82 


059613 


8(» 


066692 


00 


63 


64 


088624 


65 


038259 


70 


048186 


74 


048406 


79 


063015 


83 


059712 


87 
89 


065796 


01 


54 


66 


038699 


66 


038338 


71 


043871 


76 


048495 


80 
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68 


238085 


69 


249504 


71 


22 


2S 


184704 


65 


.194934 


66 


205409 


68 


216126 


69 


227082 


71 


238273 


72 


249607 


74 


23 


^ 


184872 


68 


195106 


69 


205585 


71 


216307 


72 


227266 


74 


238462 


76 


249889! 77 | 


24 


M 


185041 


70 


195279 


72 


205762 


74 


210487 


75 


227451 


77 


238050 


79 


250081 


70 


25 


4 28 


185209 


73 


195452 


75 


205939 


77 


216668 


78 


227636 


80 


238839 


82 


250274 


84 


26 


27 


185378 


76 


195624 


78 


206116 


80 


216849 


81 


227821 


83 


239028 


85 


250466 


87 


27 


: 28 


185547 


79 


195797 


81 


206293 


83 


217030 


84 


228005 


86 


239216 


88 


250659 


90 


28 


29 
SO 


185716 


82 


195970 


84 
86 


206470 


86 


217211 


87 
90 


228190 


89 
92 


239405 
239594 


91 


250852 


93 


29 


185884 


84 


196143 


206647 


88 


217392 


228375 


94 


251044 


96 


SO 


SI 


186053 


87 


196316 


89 


206824 


91 


217573 


94 


228560 


96 


239783 


98 


251237 


100 


31 


S2 


186222 


90 


196489 


92 


207001 


94 


217754 


97 


228746 


99 


239972 


101 


251430 


103 


32 


SS 


186392 


93 


196663 


95 


207178 


97 


217935 100 1 


228931 


102 


210161 


104 


251623 


106 


St 


S4 
S5 


186561 


96 


196836 


98 


207356 


100 


218117 


103 


229116 


105 


240350 


107 


251816 


109 


34 


186730 


99 


197009 


101 


207533 


103 


218298106 


229301 


108 


240539 


110 


252009 


113 


36 


S8 


186899 


101 


197183 


104 


207710 


106 


2184801109 


229487 


HI 


240729 


113 


252202 


116 


30 


S7 


187069 


104 


197356 


107 


207888 


109 


218661112 


229672 


114 


240918 


117 


252395 


119 


37 


S8 


187238 


107 


197530 


110 


208065 


112 


218843115 


229858 


117 


241107 


120 


252588 


122 


38 


t9 


187408 


no 


197703 


112 


208243 


115 


219024118 


230043 


120 


241297 


123 


252782 


125 
129 


39 


40 


187677 


US 


197877 


115 


208421 


118 


219206 120 


230229 


123 


241486 


126 


252975 


40 


41 


187747 


116 


198051 


118 


208599 


121 


219388 


124 


230415 


126 


241676 


129 


253168 


132 


41 


42 


187916 


118 


198224 


121 


208776 


124 


219570 127 1 


230600 


129 


241866 


132 


253362 


135 


42 


4S 


188086 


121 


19839b 


124 


208954 


127 


219752 


130 


230786 


133 


S42055 


135 


253555 


138 


43 


44 
4ft 


188256 


121 
127 


198572 


127 
130 


209132 


130 


219934 


133 


230972 


136 


242245 


139 


253749 


141 


44 


188426 


198746 


209310 


133 


220116 


136 


231158 


139 


242435 


142 


253943 


146 


45 


48 


188506 


ISO 


1989-20 


133 


209489 


136 


220298 


139 


231344 


112 


242625 


145 


254136 


148 


46 


47 


18876G 


132 


199094 


135 


209667 


139 


220480 


142 


231530 


145 


242815 


148 


254330 


151 


47 


48 


188936 


135 


199260 


138 


209845 


142 


220662 


145 


231716 


148 


2^3005 


151 


254524 


154 


48 


49 


189106 


138 


199443 


141 


210023 


145 


220844 


148 


2^1903 


151 


243195 


154 


254718 


158 


49 


50 


189277 


141 


199617 


144 


210202 


147 


221027 


151 


232089 


154 


243385 


157 


254912 


161 


60 


51 


189447 


144 


199792 


147 


210380 


150 


221209 


154 


232275 


157 


243575 


161 


255106 


164 


51 


52 


189617 


146 


199966 


150 


210559 


153 


221392 


157 


232462 


160 


243766 


104 


255300 


167 


62 


58 


18978h 


149 


200141 


153 


210737 


156 


221574 


160 


232648 


163 


243956 


167 


255494 


170 


63 


54 


180058 


152 
1^" 


200315 


156 


2109IC 


159 
162 


221757 


163 
166 


232835 


166 


244147 


170 


255688 


174 


5i 


55 


190121> 


200490 


159 


211095 


221940 


233021 


170 


244337 


173 


255883 


177 


55 


66 


190300 


158 


200665 


161 


211273 


165 


222122 


169 


233208 


173 


244528 


176 


256077 


180 


56 


57 


190470 


161 


200840 


164 


211452 


168 


222305 


172 


233395 


ro 


244718 


180 


256272 


183 


67 


68 


190641 


163 


201015 


167 


211631 


171 


222488 


175 


233582 


179 


244909 


183 


256466 


187 


68 


59 


190812 


166 


201181* 


170 1 211810 


174 


222671 


[l78 


233769 


172 


246100 


L80 


256661 


190 


69 



TABLE XXV. 



805 



Natural Versed Sines. 



M. 


420 


Parts 


430 


ParU 


440 


Paru 



46® 


Parts 


46® 


Parti 



470 


PiMla 


s. 





256855 





268646 





280660 


202809 





805842 


818002 








1 


257050 


3 


268846 


3 


280862^ 3 1 


203009 


8 


806661 


8 


818214 


4 


1 


2 


257245 


7 


269043 


7 


281064 


7 


203306 


r 


306760 


7 


818427 


T 


B 


^ 


257439 


10 


269242 


10 


281267 


10 


208511 


10 


806070 


11 


816640 


11 


8 


4 
6 


257634 


13 


269440 


13 


281460 


14 


203716 


14 


806179 


14 


816868 


14 


4 


257829 


16 


269639 


17 


281671 


17 


208022 


17 


806389 


18 


310066 


1« 


6 


6 


258024 


20 


269838 


20 


281874 


20 


204128 


21 


306508 


21 


810270 


21 


6 


7 


258219 


23 


270037 


23 


282076 


24 


204336 


24 


306808 


25 


310402 


26 


T 


8 


258414 


26 


270235 


27 


282270 


27 


204641 


28 


307017 


28 


310706 


29 


8 





258609 


29 


270434 


30 


282481 


31 


204747 


31 


307227 


32 


310010 


82 





10 


258805 


33 


270633 


S3 


282684 


34 


204063 


86 


307437 


85 


320182 


36 


10 


11 


259000 


36 


270832 


87 


282887 


37 


206150 


38 


307647 


39 


320346 


SO 


11 


12 


259195 


39 


271031 


40 


283080 


41 


206866 


41 


307857 


42 


320550 


48 


IB 


13 


259391 


43 


271231 


43 


283202 


44 


205672 


45 


308067 


46 


320772 


46 


18 


14 


259586 


46 


271430 


47 


283405 


48 


205770 


48 


308277 


49 


320086 


60 


14 


15 


259782 


49 


271620 


50 


283608 


51 


205085 


52 


308487 


58 


321100 


64 


15 


16 


269977 


52 


271820 


63 


283001 


64 


206102 


65 


308697 


56 


821418 


67 


16 


17 


260173 


66 


272028 


67 


284104 


58 


206300 


60 


308007 


60 


321627 


62 


17 


18 


260369 


69 


272227 


60 


284307 


61 


206605 


62 


300118 


63 


821840 


64 


18 


10 


260565 


62 


272427 


63 


284510 


65 


206812 


66 


800328 


67 


322054 


68 


10 


20 


260761 


65 


272626 


67 


284714 


68 


207010 


60 


300538 


70 


322268 


71 


20 


21 


260957 


69 


272826 


70 


284017 


71 


207226 


73 


300740 


74 


322482 


76 


21 


22 


261153 


72 


273026 


73 


285120 


76 


207483 


76 


300060 


77 


822606 


70 


2S 


23 


261349 


75 


273225 


77 


285324 


78 


207640 


80 


310170 


81 


822010 


82 


28 


24 


261545 


79 


273425 


80 


285527 


82 


207847 


83 


810380 


84 


323124 


86 


24 


25 


261741 


82 


273625 


83 


286731 


86 


208064 


86 


310501 


88 


323338 


89 


26 


26 


261937 


86 


273825 


87 


285934 


88 


208261 


00 


310802 


01 


823562 


08 


26 


27 


262133 


88 


274026 


00 


286138 


02 


208460 


OS 


311018 


05 


323767 


97 


27 


28 


262330 


02 


274225 


03 


286342 


05 


208676 


07 


311224 


98 


823081 


100 


28 


29 


262526 


96 


274425 


07 


286546 


00 


208883 


100 


311486 


102 
105 


324106 


104 


80 


30 


262723 


98 


274626 


100 


286750 


102 


290001 


104 


311646 


824410 


1^7 


80 


31 


262919 


102 


274826 


103 


286053 


105 


200208 


107 


311857 


100 


324624 


111 


81 


32 


263116 


106 


275026 


107 


287157 


100 


200506 


111 


312068 


112 


324830 


114 


SB 


33 


263313 


108 


275227 


110 


287361 


112 


200713 


114 


812270 


116 


82605» 


118 


88 


34 


263509 


HI 


276427 


113 


287566 


116 


200921 


118 


312400 


120 


325268 


122 
126 


84 


35 


263706 


116 


275628 


117 


287770 


110 


300120 


121 


312701 


123 


326488 


86 


36 


263003 


118 


275828 


120 


287074 


122 


300837 


124 


312012 


127 


325608 


120 


8C 


37 


264100 


121 


276020 


123 


288178 


126 


300546 


128 


813124 


130 


825012 


182 


87 


38 


264297 


124 


276229 


127 


288383 


120 


300762 


131 


313336 


184 


326127 


186 


88 


39 


264494 


128 


276430 


130 


288587 


132 


300060 


136 


813547 


137 


326842 


180 


8t 


40 


264691 


131 


276631 


133 


288701 


136 


301168 


138 


313768 


141 


326557 


148 


40 


41 


264888 


134 


276832 


137 


288006 


139 


301377 


142 


813070 


144 


326772 


147 


41 


42 


265085 


138 


277033 


140 


280201 


143 


301585 


146 


314182 


148 


826087 


160 


42 


43 


265283 


141 


277234 


143 


280405 


146 


301703 


140 


314303 


151 


827203 


164 


48 


44 


265480 
265677 


144 


277435 


147 


280610 


150 


302001 


162 


314606 


166 
168 


327418 


157 


44 


45 


147 


277036 


150 


280S15 


153 


302210 


156 


814817 


327638 


161 


46 


46 


265875 


151 


277837 


153 


200010 


156 


302418 


160 


316020 


162 


327840 


164 


46 


47 


266073 


164 


278038 


157 


200224 


160 


802626 


163 


815241 


166 


328064 


168 


47 


48 


266270 


167 


278240 


160 


200420 


163 


302836 


166 


315468 


160 


328270 


172 


48 


49 


266468 


160 


278441 


163 


200634 


167 


303048 


160 


315666 


172 


328406 


176 

170 


40 


60 


266066 


164 


278643 


167 


200830 


170 


303262 


178 


315877 


176 


328710 


60 


51 


266863 


167 


278844 


170 


201044 


173 


303461 


176 


316080 


170 


328026 


182 


61 


52 


267061 


170 


270046 


173 


201250 


177 


303670 


180 


316302 


183 


820142 


186 


62 


53 


267259 


174 


270247 


177 


201455 


180 


303878 


183 


316514 


186 


820368 


180 


68 


54 


267457 


177 


270440 
270651 


180 


201660 


184 


804087 


187 


816726 


100 


820573 


108 


64 


55 


267655 


180 


183 


201866 


187 


304206 


100 


816039 


103 


320789 


107 


66 


56 


267853 


183 


270852 


187 


202071 


lOU 


804605 


104 


817161 


107 


330006 


200 


56 


57 


268051 


187 


280064 


100 


202277 


104 


804714 


107 


317364 


200 


380221 


204 


67 i 


68 


26825C 


190 


280256 


103 


20248S 


107 


304029 


201 


317576 


204 


830487 


207 


68 : 
60 ! 


50 


26844S 


1193 


280468 


107 


202688 


201 


305132 


204 


3177891207 


330653I211 



\ 



f06 



TABLE XXV. 



Natural Vbrscd Sines. 



M. 


48© 


Parti 


490 


Parta 


60^ 


Paru 


610 


Pnru 


52® 


PnrtM 

. 




; 5Z^ 


Varti 


S. 





880869 





848941 





867211 





870680 





884389 


398185 








1 


881086 


4 


844161 


4 


867486 


4 


870906 


4 


884568 


4 


898417 


4 


1 


S 


881802 


7 


844380 


7 


357668 


7 


871182 


8 


384797 


8 


398650 


8 


2 


8 


881618 


11 


344600 


11 


867881 


11 


871858 


11 


385026 


12 


398882 


12 


8 


4 


881785 


14 


844820 


15 


858104 


15 
19 


371584 


15 


385256 


16 
19 


399115 


10 


4 


6 


M1961 


18 


846039 


18 


368327 


371811 


19 


385485 


399347 


19 


6 


6 


882167 


22 


345259 


22 


358550 


22 


372037 


23 


385715 


23 


399580 


23 


6 


7 


882384 


25 


345479 


26 


358774 


26 


372203 


27 


385944 


27 


399812 


27 


7 


8 


882601 


29 


845699 


29 


358997 


80 


37249U 


30 


386174 


31 


400045 


31 


8 


9 


882817 
888034 


83 


345919 


88 


359220 


84 


372716 


34 


386404 


35 


400278 


35 
39 





10 


36 


346139 


37 


359443 


37 


372943 


88 


380083 


38 


400511 


10 


11 


888251 


40 


346359 


40 


359667 


41 


373170 


42 


386863 


42 


400744 


43 


11 


12 


888408 


44 


346579 


44 


859890 


45 


373396 


45 


387093 


46 


400976 


47 


12 


18 


888084 


47 


346800 


48 


360114 


49 


378023 


49 


887323 


60 


401209 


51 


18 


14 


888901 


51 

54 


347020 


52 
55 


360337 


52 
56 


373850 
374077 


53 


887653 


54 


401442 


54 


14 


16 


884118 


347240 


360561 


57 


887783 


58 


401675 


58 


15 


16 


884386 


56 


347461 


59 


360785 


60 


374303 


61 


888013 


61 


401908 


62 


16 


17 


834552 


62 


347681 


63 


361008 


64 


374530 


64 


888243 


65 


402142 


66 


17 


18 


884770 


65 


347902 


66 


361232 


67 


374757 


68 


388473 


69 


402375 


70 


18 


10 


884987 


69 


348122 


70 
74 


30 1456 


71 

75 


3749H4 


72 


388703 


78 
77 


402608 
402841 


74 

78 


19 


20 


335204 


73 


348343 


361680 


375211 


76 


388933 


20 


21 


885421 


70 


848563 


77 


361904 


79 


375439 


80 


889164 


81 


403075 


82 


21 


22 


885689 


80 


348784 


81 


362128 


82 


375600 


83 


889394 


84 


408308 


86 


22 


28 


885856 


84 


349005 


86 


362352 


86 


875893 


87 


389624 


88 


403542 


89 


23 


24 


886074 


87 


349226 


88 
92 


862576 


00 
"94 


376120 


91 


889855 


92 


403775 


98 
97 


24 


26 


886291 


01 


349447 


362800 


376348 


95 


390085 


96 


404009 


25 


26 


836509 


94 


349668 


96 


363024 


97 


376575 


09 


390316 


100 


404242 


101 


26 


27 


886727 


98 


849889 


99 


363249 


101 


376803 


102 


390546 


104 


404476 


105 


27 


28 


886944 


102 


350110 


108 


363473 


105 


377030 


106 


390777 


108 


404710 


109 


28 


29 


887162 


106 
109 


850381 


107 


368697 


109 
112 


377258 


110 


391008 


111 


404943 


113 
117 


29 


80 


837880 


350552 


110 


303922 


377485 114 


391239 


115 


405177 


30 


81 


387598 


113 


350773 


114 


364146 


116 


377718118 


391409 


119 


405411 


121 


31 


82 


837816 


116 


350994 


118 


364371 


120 


377941121 


391700 


128 


405645 


125 


82 


88 


888084 


120 


851216 


122 


364595 


123 


878109125 


391931 


127 


405879 


128 


88 


84 


888252 


128 


851437 


125 
129 


36482U 


127 


878396 


129 
138 


392162 


181 


400113 


182 
136 


84 


85 


388470 


127 


361659 


305045 


131 


878024 


392393 


184 


400347 


85 


86 


888688 


131 


351880 


183 


865269 


135 


878852136 


392624 


138 


406581 


110 


86 


87 


838906 


134 


362102 


136 


865494 


188 


879080140 


892865 


142 


406816 


144 


87 


88 


839125 


138 


352323 


140 


365719 


142 


879308;i44 


898086 


146 


407049 


148 


88 


89 


839343 


142 
145 


352545 


144 


365944 


146 


879536|l48 


893318 


150 


407284 


152 
166 


80 


♦0 


839561 


352767 


147 


366169 


150 


879765 


152 


393549 


154 


407518 


40 


41 


83978U 


149 


352988 


151 


366394 


158 


379993 


155 


393780 


158 


407752 


160 


41 


42 


889998 


158 


353210 


155 


866619 


157 


380221 


159 


894012 


161 


407987 


108 


42 


48 


840217 


156 


858432 


158 


866844 


161 


880449 


163 


894243 


165 


408221 


167 


48 


44 


840435 


160 


358654 


162 


367069 


165 


880678 


167 


394474 


169 


408450 


171 
175 


44 


45 


340654 


163 


353876 


166 


367295 


168 


880906 


171 


894706 


178 


408090 


45 


46 


840878 


167 


354098 


169 


867520 


172 


381135 


174 


394938 


177 


408925 


179 


40 


47 


341092 


171 


854320 


178 


867745 


176 


881863 


178 


895169 


181 


409160 


188 


47 


48 


841311 


174 


354542 


177 


867971 


180 


881592 


182 


896401 


184 


409394 


187 


48 


49 


841530 
841740 


178 


354764 


180 
184 


868196 


188 


881820 


186 


895633 


188 


409629 


191 
195 


49 


60 


182 


364987 


868422 


187 


882049 


190 


395864 


192 


409864 


50 


51 


811908 


186 


855209 


188 


368647 


191 


882278 


193 


896090 


196 


410U09 


198 


51 


62 


842187 


189 


355431 


191 


368878 


195 


882506 


197 


390328 


200 


410384 


202 


62 


68 


84240G 


193 


355654 


195 


869098 


198 


882735 


201 


396660 


204 


410669 


206 


63 


64 


842625 


196 


355876 


199 
203 


369824 


202 
206 


882964 


205 


896792 


207 
211 


410804 


210 


64 


65 


842844 


200 


856099 


869560 


388198 


209 


897024 


411039 


214 


55 


66 


848063 


208 


856321 


206 


869776 


210 


888422 


212 


89725l> 


215 


411274 


218 


66 


67 


843283 


207 


356544 


210 


870002 


218 


883661 


216 


897488 


219 


411509 


222 


67 


68 


848602 


211 


356767 


214 


870228 


217 


888880 220 


897720 


228 


411741 


226 


68 


60 


848721 


214 


3569891 


217 


870454 


1221 


3841001224 


397963 


227 


411979 


280 


60 



TABLE XXV. 



«af 



Natural Verskd Sines. 



.1 



M. 


549 


Parti 


55° 


Partk 


56° 


Paru 


570 


Parti 


580 


Paru 



50° 


PHrtfl 


8. 





412215 





426424 





440807 





455861 





470081 


484962 








1 


412450 


4 


426662 


4 


441048 


4 


455605 


4 


470327 


4 


485211 


4 


1 


s 


412686 


8 


426900 


6 


441290 


6 


455849 


8 


470574 


8 


485461 


8 


2 


s 


412921 


12 


427139 


12 


441531 


12 


456093 


12 


470821 


12 


485710 


18 


8 


4 


413156 


16 
20 


427377 


16 


441772 


16 


456337 


16 


471068 


16 
21 


485960 


17 


4 


6 


413392 


427616 


20 


442013 


20 


456581 


20 


471315 


486209 


21 


6 


6 


413628 


24 


427854 


24 


442255 


24 


456826 


25 


471562 


25 


486459 


25 


6 


7 


413863 


28 


428093 


28 


442496 


28 


457070 


29 


471809 


29 


486708 


29 


7 


8 


414099 


32 


428381 


32 


442738 


32 


457814 


83 


472056 


38 


486958 


33 


8 


9 


414385 


35 


428570 


36 


442979 


36 


457558 


37 


472303 


87 
41 


487208 


38 


9 


10 


414571 


39 


428809 


40 


443221 


40 


457803 


41 


472550 


487457 


42 


10 


11 


414806 


43 


429048 


44 


443463 


44 


458047 


45 


472797 


45 


487707 


46 


11 


12 


415042 


47 


429286 


48 


443704 


48 


458292 


49 


473044 


49 


487957 


50 


12 


13 


415278 


51 


429525 


52 


443946 


53 


458536 


53 


473291 


54 


488207 


54 


18 


14 


415514 


55 


429764 


56 


44418h 


57 


458781 


57 


473539 


58 


488457 


58 
63 


14 


15 


415750 


59 


430003 


60 


444430 


61 


459026 


61 


473786 


62 


488707 


16 


16 


415986 


63 


430242 


64 


444672 


65 


459270 


65 


474083 


66 


488957 


67 


16 


17 


416223 


67 


430481 


68 


444914 


69 


459515 


70 


474281 


70 


489207 


71 


17 


18 


416450 


71 


430720 


72 


445156 


73 


459760 


74 


474528 


74 


480457 


75 


18 


19 


416695 


75 
79 


480960 


•76 


445898 


77 


460004 


78 


474776 


78 


489707 


70 


19 


20 


416931 


481199 


80 


445640 


81 


460249 


82 


475023 


82 


489957 


88 


20 


21 


417168 


63 


431438 


84 


445882 


85 


460494 


86 


475271 


87 


490208 


88 


21 


22 


417404 


87 


481677 


88 


446124 


89 


460739 


90 


475519 


91 


490458 


02 


22 


23 


417641 


91 


431917 


92 


446366 


98 


460984 


04 


475766 


95 


490708 


06 


28 


24 


417877 


95 


432156 


96 
100 


446608 


97 


461229 


98 


476014 


99 


490959 


100 


24 


25 


418114 


99 


432396 


446851 


101 


461474 102 


476262 


103 


491209 


104 


26 


26 


418360 


102 


432635 


104 


447093 


105 


461719:106 


476510 


107 


491459 


109 


26 


27 


118587 


106 


432875 


108 


447336 


109 


461965!l00 


476758 


111 


491710 


113 


27 


28 


418824 


110 


433114 


112 


447578 


113 


462210' 115 


477005 


115 


401960 


117 


28 


29 


419060 


114 


433354 


116 
120 


447820 


117 


462455|ll9 


477253 


120 


492211 


121 


29 


30 


419297 


118 


433594 


448063 


121 


462700123 


477501 


124 


492462 


125 


80 


31 


419534 


122 


433834 


124 


448306 


125 


462946 127 


477749 


128 


492712 


129 


81 


32 


419771 


126 


434073 


128 


448548 


129 


463191 


181 


477998 


132 


492968 


184 


32 


33 


420008 


130 


434313 


132 


448791 


133 


463437 


135 


478246 


136 


498214 


138 


38 


34 


420245 


134 


434553 


136 
140 


449034 


137 
141 


463682 


139 
143 


478494 


140 


498465 


142 
146 


84 


3« 


420182 


138 


434793 


449276 


463928 


478742 144 


493715 


86 


36 


420719 


142 


435033 


144 


449519 


145 


464173147 


478990!l48 


493966 


150 


36 


37 


420956 


146 


435273 


148 


449762 


150 


464419151 


479239 153 


494217 


154 


87 


38 


421193 


150 


485513 


152 


450005 


154 


464665 155 


479487 157 


494468 


150 


88 


39 


421430 


154 


435753 


156 


450248 


158 


464910 


160 
164 


479735 


161 


49471!^ 


168 


SO 


'40 


421668 


158 


435993 


160 


450191 


162 


465156 


479984 


165 


494970 


167 


40 


41 


421905 


162 


436234 


164 


450734 


166 


465402168 


480282 


160 


495221 


171 


41 


42 


422142 


166 


436474 


168 


450977 


170 


465648 172 


480481 


173 


495472 


175 


42 


43 


422380. 


169 


436714 


172 


451220 


174 


465894176 


480729 


177 


495724 


180 


48 


44 


422617 


173 
177 


436955 


176 


451464 


178 


466189 
466385 


180 


480978 


181 
186 


495975 


184 


44 


45 


422855 


437195 


180 


451707 


182 


!l84 


481227 


496226 


188 


46 


46 


423092 


181 


437435 


184 


451950 


186 


4666321188 


481475 


190 


496477 


102 


46 


47 


423330 


185 


437676 


188 


452193 


190 


466878 


192 


481724 


194 


496729 


106 


47 


48 


423568 


189 


437917 


192 


452437 


104 


467124 


196 


481978 


198 


496980 


200 


48 


49 


423805 


193 


438157 


196 


452680 


198 


467870 


200 


482222 


202 


497231 


205 


40 


50 


424013 


197 


438398 


200 


452924 


202 


467616 


206 


482471 


206 


497483 


209 


60 


51 


424281 


201 


438680 


204 


458167 


206 


467862 


209 


482720 


210 


407784 


213 


61 


52 


424519 


205 


438879 


208 


458411 


210 


468109 


213 


482969 


214 


497986 


217 


62 


53 


424757 


209 


439120 


212 


453654 


214 


468855 


217 


488218 


219 


406288 


221 


68 


64 


424995 


213 


489361 


216 
220 


453898 


218 


468601 


221 


188467 


223 


498489 


225 


64 


55 


425233 


217 


489602 


454142 


222 


468848 


225 


488716 


227 


408741 


280 


66 


56 


425471 


221 


439843 


224 


454385 


226 


469004 


229 


488965 


231 


498998 


284 


66 


57 


425709 


226 


440084 


228 


454629 


280 


460841 


288 


484214 


285 


490244 


288 


67 


58 


425047 


229 


440825 


281 


464878 


284 


460587 


287 


484468 


239 


490406 


242 


68 


59 


426185 


1238 


4405661 


285 


455117 


|288 


409884 


241 


484718 


248 


490748 


246 


60 






«nv 



2oa 



TABLE XXV. 
Natural Vi^rskd Sikes. 



M. 


60° 


Parfe 


61° 


Parta 


620 


Parts' 


63° 


Parte 


040 


ParU 



650 


Parte 



■ 
8. 





600000 





515190 





530528 





546010 





561629 


577382 





1 


600252 


4 


515445 


4 


530785 


4 


546269 


4 


561890 


4 


577645 


4 


1 


2 


500504 


8 


515699 


8 


531042 


9 


546528 


9 


562152 


9 


577909 


9 


2 


8 


500756 


18 


515054 


13 


531299 


13 


546787 


18 


562418 


13 


578173 


13 


3 


4 


601008 


17 


516208 


17 


531556 


17 


547047 


17 


562675 


17 


578437 


18 
22 


4 


5 


501260 


21 


516463 


21 


531818 


21 


547306 


2^ 


662987 


22 


57870i> 


5 


6 


501512 


25 


516718 


26 


532070 


26 


547565 


26 


563198 


26 


578964 


26 


6 


7 


501764 


30 


516072 


30 


582327 


30 


547825 


SO 


563460 


81 


579228 


81 


7 


8 


502017 


84 


517227 


84 


532584 


84 


548084 


85 


563722 


35 


579492 


35 


8 





502269 


38 
42 


517482 


88 


532842 


39 
43 


648344 


89 


563983 


39 


579756 


40 
44 


9 


IQ 


502521 


517737 


43 


533099 


648603 


43" 


564245 


44 


680020 


10 


11 


502774 


46 


517901 


47 


533356 


47 


548863 


48 


564507 


48 


580284 


49 


11 


12 


508026 


61 


618246 


51 


533613 


52 


549122 


52 


564760 


62 


580548 


53 


12 


18 


508278 


55 


518501 


55 


533871 


56 


549382 


56 


565031 


57 


680812 


57 


13 


14 


508531 


59 


518756 


60 


534128 


60 


549642 


61 


565293 


61 


581076 


62 


14 


U 


503783 


63 


519011 


64 


534385 


64 


549902 


65 


565556 


66 


581340 


66 


15 


M 


504036 


68 


519266 


68 


534648 


69 


550161 


69 


665817 


70 


581604 


71 


16 


U 


504280 


72 


519521 


72 


584900 


78 


650421 


74 


566079 


74 


581869 


75 


17 


19 


504541 


76 


519777 


77 


58515b 


77 


550681 


78 


566841 


79 


582133 


79 


18 


19 


504704 


80 


520032 


H 


585416 


82 


550941 


82 


566603 


83 


582397 


84 


19 


20 


505047 


84 


520287 


85 


535673 


86 


551201 


87 


566805 


87 


582662 


88 


20 


21 


505800 


89 


^20542 


89 


535981 


90 


i»51461 


91 


667127 


92 


582926 


93 


21 


22 


505562 


98 


620797 


94 


536188 


95 


651721 


95 


567390 


96 


583190 


97 


22 


28 


505805 


07 


521053 


08 


586440 


90 


661981 


100 


567652 


101 


583455 


102 


23 


24 


506058 


101 


531308 


102 
106 


586704 


109 


652241 


104 


567914 


105 


583719 


106 


24 


28 


^06811 


106 


521564 


536962 


lor 


66<25U1 


100 


568177 


109 


583984 


110 


25 


26 


606564 


uo 


521819 


HI 


537220 


112 


552761 


118 


568439 


114 


584248 


115 


26 


2T 


f00617 


114 


522075 


115 


537477 


116 


658021 


117 


668701 


118 


584513 


119 


27 


28 


507070 


118 


522380 


119 


587785 


120 


553282 


122 


568964 


122 


584777 


124 


28 


» 


507323 


128 


522586 


m 

128 


537998 


125 


553542 


126 


669226 


127 


585042 


128 
182 


29 


»a 


507576 


127 


522841 


538251 


129 


553802 


130 


569489 


131 


685307 


30 


11 


507880 


181 


528097 


182 


538509 


133 


654063 


135 


569751 


136 


585571 


137 


81 


82 


508083 


185 


528353 


186 


588768 


138 


554323 


180 


570014 


140 


585836 


141 


32 


88 


508336 


139 


528608 


141 


589026 


142 


564583 


148 


570277 


144 


586101 


146 


38 


84 


508589 


144 


528864 


145 


589284 


146 


554844 


148 


570539 


149 


586366 


150 


34 


88 


508843 


148 


524120 


149 


589542 


150 


565104 


162 


670802 


158 


586631 


155 


35 


26 


609096 


152 


524376 


158 


689800 


165 


665865 


166 


671065 


157 


686896 


159 


36 


V 


509350 


156 


624682 


158 


540058 


159 


666625 


161 


671828 


162 


687160 


163 


37 


88 


609603 


161 


524888 


162 


540817 


163 


666886 


165 


671590 


166 


687425 


168 


88 


29 


509857 


li66 


525144 


166 


540575 


160 


556147 


169 


671853 


171 


587690 


172 


39 


40 


510110 


169 


625400 


170 


640884 


172 


556407 


174 


572116 


175 


687955 


177 


40 


41 


^10864 


178 


525656 


176 


541092 


176 


656668 


178 


572879 


179 


688221 


181 


41 


42 


510618 


17T 


625912 


179 


541850 


181 


666929 


182 


572642 


184 


588486 


180 


42 


48 


510871 


182 


526168 


188 


641609 


186 


667190 


187 


672905 


188 


588761 


190 


43 


44 


611125 


186 


626424 


187 


641867 


189 
193 


667450 


191 


678168 


192 


689016 


194 


41 


48 


511379 


190 


626680 


192 


642126 


667711 


195 


678481 


197 


589281 


199 


45 


46 


511638 


104 


526937 


196 


642885 


198 


657972 


200 


673694 


202 


589546 


203 


46 


47 


5U886 


190 


627198 


200 


642648 


202 


658288 


204 


578968 


206 


580812 


208 


47 


48 


512140 


208 


627449 


204 


642902 


206 


668494 


206 


674221 


210 


690077 


212 


48 


49 


512894 


207 


627706 


209 


643161 


211 


658755 


218 


574484 


214 


590842 


216 
221 


49 


AO 


612648 


211 


627962 


213 


648420 


215 


669016 


217 


574747 


219 


590608 


50 


51 


612902 


215 


628218 


217 


548678 


219 


660277 


221 


676010 


223 


590878 


225 


51 


A2 


518156 


220 


.628475 


221 


648087 


224 


650588 


226 


675274 


227 


501189 


230 


52 


68 


618410 


224 


628782 


226 


544106 


228 


659800 


230 


675587 


232 


691404 


284 


53 


64 


618665 


228 


628988 


280 
284 


644466 


282 


5i60061 


234 


675801 


236 


691670 


238 


54 


66 


613911^ 


282 


629245 


544714 


236 


560322 


289 


676064 


241 


691935 


243 


65 


86 


614173 


287 


629501 


288 


544978 


241 


560588 


248 


570827 


245 


692201 


247 


56 


67 


614427 


241 


629758 


248 


645282 


245 


660846 


247 


676691 


249 


692466 


252 


57 


68 


614682 


245 


630015 


247 


646491 


249 


661106 


262 


676855 


254 


592782 


266 


58 


69 


6149861249 


680272 


1251 


645760 


[264 


661867 


256 


67711« 


258 


692998 


260 


59 







TABLE XXV. 




no 








Natural Vehsbo Sines. 










M. 


9^ 


P»rti 


67© 


nirta 


680 


Rtrta 


690 


Parts 


70O 


Parts 


71« 


Parta 


8. 







603863 





609269 





625393 





641032 





657980 





674423 










1 


598529 


4 


600587 


4 


62566:i 


5 


641904 


6 


658258 


5 


674707 


6 


1 






2 


593705 


9 


609801 


9 


6259331 


9 


642175 


9 


658527 


9 


674982 


• 


2 






8 


594061 


13 


610072 


13 


626203 


14 


642447 


11 


658800 


14 


675267 


14 


8 






4 


594327 


18 


610340 


18 


626472 


18 
23 


642719 
642990 


18 
23 


659073 
659347 


18 
23 


675532 


18 


4 




6 


594592 


22 


610608 


22 


02074:: 


0758U7 


23 


6 




6 


59485li 


27 


610876 


27 


627012 


27 


643262 


27 


059020 


27 


676083 


28 


6 






7 


595124 


81 


61 1 144 


81 


627262 


32 


613534 


82 


659894 


32 


67( 358 


32 


7 






8 


595390 


36 


611412 


86 


627562 


36 


643800 


36 


600168 


36 


071)033 


37 


8 









595656 


40 


611680 


40 
45 


627822 


41 
45 


644077 


41 


660441 


41 
46 


670908 


41 

46 


9 




10 


696922 


44 


611948 


628092 


044349 


45 


660715 


077184 


10 




11 


596180 


49 


612216 


49 


6283<i2 


60 


644621 


50 


660988 


50 


077459 


51 


11 






12 


506455 


53 


612484 


54 


628632 


54 


644893 


54 


661262 


55 


677734 


55 


18 




1 


13 


596721 


58 


612753 


58 


628902 


59 


645105 


69 


€01536 


59 


678010 


60 


13 




■ 


14 


590987 


62 


613021 


63 
67 


629172 


63 


645437 


64 

68 


661810 


64 
68 


678285 


64 
69 


14 




15 


597253 


67 


613289 


629443 


68 


615709 


602083 


678561 


15 




16 


597520 


71 


618557 


72 


629713 


72 


645981 


73 


662857 


73 


678836 


74 


16 






17 


597786 


76 


613820 


76 


029983 


77 


640263 


77 


602031 


78 


679111 


78 


17 






18 


598052 


80 


614094 


81 


030253 


81 


«40525 


82 


662905 


82 


679387 


83 


18 






19 


598319 85 


014362 
614(331 


85 
90 


030524 


86 


646797 


86 
91 


663179 


87 


6796^3 


87 
92 


19 




80 


598585 89 


03U794 


90 


647009 


603453 


91 


07J938 


20 




21 


598851 93 


014899 


94 


031064 


95 


047342 


95 


663726 


96 


080214 


97 


21 






22 


599118 


98 


615168 


99 


031335 


99 


647014 


100 


664000 


100 


080489 


101 


82 






28 


699384 102 | 


615486 


103 


631605 


104 


647886 


104 


661274 


105 


680705 


100 


28 






24 


599651 


107 


615705 


108 
112 


631875 


108 


648159 


109 


664548 


110 
114 


681011 


110 


24 




2$ 


599918 


HI 


015973 


632146 


118 


648481 


114 


064822 


681310 


115 


25 




26 


600184 


116 


616242 


117 


632416 


117 


648703 


118 


665097 


119 


681592 


120 


86 






27 


600451 


120 


616510 


121 


682687 


122 


648975 


123 


665371 


123 


681868 


124 


27 






28 


600717 


125 


616779 


125 


632958 


126 


649248 


127 


665645 


128 


682144 


129 


28 






89 


600984 


129 


617048 


130 


633228 


131 


649520 


182 
136 


665919 


132 


682420 


138 

138 


29 




80 


001251 


133 


017317 


134 


6^3499 


13j 


649793 


066193 


137 


082695 


80 




11 


601518 


138 


617585 


139 


633769 


140 


650065 


141 


666467 


142 


082971 


143 


81 






82 


601785 


142 


617854 


148 


034040 


144 


650388 


146 


666742 


140 


683247 


147 


82 






33 


602051 


147 


618123 


148 


034311 


149 


650610 


150 


667016 


151 


083523 


152 


88 






84 


602318 


151 


018392 


152 
157 


034582 


153 


650883 


154 


667290 


155 


083799 


156 
161 


84 




35 


60258.) 


156 


618661 


034852 


158 


651155 


159 


607505 


160 


684076 


36 




26 


602852 


160 


018930 


161 


035123 


102 


651428 


163 


667839 


164 


084351 


166 


36 






37 


603119 


165 


619199 


106 


635394 


107 


651701 


168 


668113 


169 


684627 


170 


37 




1 


38 


603386 


109 


619468 


170 


635605 


171 


651973 


173 


668388 


173 


684903 


175 


38 






29 


603653 


174 
178 


019737 


175 


635930 


176 


652246 


177 


668662 


178 


685179 


179 
184 


89 
40 




40 


003920 


620006 


179 


636207 


180 


052519 


182 


008937 


183 


685456 




41 


604187 


182 


620275 


184 


636478 


185 


652792 


186 


669211 


187 


685731 


189 


41 






42 


604454 


187 


620544 


188 


636749 


189 


063064 


191 


669480 


!92 


686008 


193 


42 






43 


604722 


191 


620813 


193 


637020 


194 


653337 


195 


(169760 


196 


686281 


198 


48 






44 


604089 


196 


021082 


197 


687291 


198 


653610 


200 


670035 


201 


686560 


202 


44 




45 


605256 


200 


621851 


202 


637562 


203 


658883 


204 


670309 


205 


686836 


207 


46 




46 


605523 


205 


621621 


206 


687888 


807 


654156 


209 


670584 


210 


687112 


212 


46 






47 


605791 


209 


681800 


211 


638104 


212 


664429 


218 


670859 


1215 


687389 


216 


47 






48 


606058 


214 


622159 


215 


638376 


216 


664702 


218 


671133 


219 


687665 


821 


48 






49 


606325 


218 


628429 


220 
224 


688647 


221 


664975 


228 


671408 


221 


687941 


226 

280 


49 




50 


006593 


222 


622698 


688018 


225 


666248 


227 


671683 


288 


688218 


60 




51 


606860 


227 


622968 


229 


689189 


280 


665621 


282 


671958 


283 


688494 


285 


61 






52 


«0712t^ 


231 


623237 


233 


689460 


284 


656704 


236 


672882 


237 


688771 


289 


62 






58 


607395 


236 


623506 


238 


689732 


289 


656067 


241 


678607 


242 


689047 


844 


«8 




J 


54 


607663 
60793Ui 


240 


623776 


242 


640008 


848 


666840 


246 


672782 


247 


689824 


848 


84 




55 


245 


624045 


247 


640275 


848 


656613 


260 


678057 


261 


680000 


268 


66 




56 


608198 


240 


624315 


251 


640646 


252 


666887 


264 


678332 


266 


689877 


268 


66 




1 


57 


608466 


854 


624584 


256 


640817 


257 


667160 


269 


078607 


860 


600158 


268 


67 




' 


58 


606733 
609001 


258 


624854 260 


641089 


261 


667a« 


868 


678882 


266 




867 


68 




1 


i\i 


262 


625124^61 


641860 


266 


657707 


1268 


674157 


269 


•90706 


1871 


68 



















8 D 



210 



TABLE XXV. 



Natural Versed Sines. 



M. 


720 


Parta 


73© 


Parte 


740 


Parla 


750 


Parts 


76° 


Paru 



1 770 


Paru 


s. 1 





690983 





707628 





724363 





741181 





758078 


775049 








1 


691260 


6 


707906 


6 


724642 


6 


741462 


6 


758360 


5 


775332 


5 


1 


B 


691536 


9 


708185 


9 


724922 


9 


741743 


9 


758643 


9 


775616 


9 


2 


S 


691813 


14 


708463 


14 


725202 


14 


742024 


14 


758925 


14 


775899 


14 


3 


4 


692090 


18 


708741 


19 
23 


725481 


19 


742305 


19 


759207 


19 
24 


776183 


19 


4 


6 


692367 


23 


709019 


725761 


23 


742586 


23 


75949Q 


776466 


24 


5 


6 


692643 


28 


709298 


28 


726041 


28 


742867 


28 


769772 


28 


776750 


28 


6 


7 


692920 


32 


709576 


33 


726321 


33 


743148 


33 


760054 


33 


777033 


33 


7 


8 


693197 


37 


709855 


37 


726600 


37 


743429 


38 


760337 


38 


777317 


38 


8 


9 


693474 


42 

46 


710133 


42 


726880 


42 

47 


743711 


42 


760619 


42 


777601 


43 
47 


9 


10 


693751 


710411 


46 


727160 


743992 


47 


760902 


47 


777884 


10 


11 


694028 


51 


710690 


61 


727440 


51 


744273 


52 


761184 


52 


778168 


62 


11 


12 


694305 


55 


710968 


56 


727720 


66 


744554 


56 


761467 


67 


778452 


57 


12 


13 


694582 


60 


711247 


60 


72800U 


61 


744835 


61 


761749 


61 


778735 


61 


13 


wl4 


694859 


65 


711525 


65 
70 


728280 
728560 


65 
70 


745117 


66 


762032 


66 
71 


779019 


66 
71 


14 


15 


695136 


69 


711804 


745398 


70 


762314 


779303 


15 


16 


695413 


74 


712082 


74 


728840 


75 


745679 


75 


762597 


75 


779587 


76 


16 


17 


695690 


78 


712361 


79 


729120 


79 


745961 


80 


762879 


80 


779870 


80 


17 


18 


695967 


83 


71263U 


84 


729400 


84 


746242 


85 


763162 


85 


780154 


85 


18 


19 


696244 


88 


712918 


88 


729680 


89 


746523 


89 


763444 


90 
94 


780438 


90 


19 


ao 


6U6521 


92 


713197 


93 


729960 


93 


746805 


94 


763727 


780721 


95 


20 


21 


696798 


97 


713475 


98 


730240 


98 


747086 


99 


764010 


99 


781005 


99 


21 


22 


697076 102 


713764 


102 


730520 


103 


747368 


103 


764292 


104 


781289 


104 


22 


28 


697353 106 


714033 


107 


730800 


107 


747649 


108 


764575 


108 


781573 


109 


23 


24 


697630 111 


714312 


112 


731080 


112 


747931 


113 


764858 


113 


781857 


114 
118 


24 


25 


697907 


115 


714590 


116 


731360 


117 


748212117 


765141 


118 


782141 


25 


26 


698185 


120 


714869 


121 


731641 


121 


748494122 


765423 


123 


782425 123 


26 


27 


698462 


125 


715148 


126 


731921 


126 


748775 127 


765706 


127 


782708 128 


27 


28 


698739 


129 


715427 


130 


732201 


131 


749U57 132 


765989 


132 


782992 


132 


28 


29 


699017 


134 
138 


715700 


135 
139 


732481 
732762 


135 


749338136 


766272 


137 


783270 


137 


29 


30 


699294 


715985 


140 


74902U141 


766555 


141 


783560 


142 


30 


31 


699572 


143 


716264 


144 


733042 


145 


749902 146 


766837 


146 


783844 


147 


31 


32 


609849 


148 


716543 


149 


733322 


149 


750183 150 


767120 


151 


784128 


151 


32 


83 


700127 


152 


716822 


153 


733603 


154 


750465 155 


767403156 


784412 


156 


33 


34 


700404 


157 


717101 


158 
163 


733883 


159 
163 


750747 160 


767686 


160 
105 


784697 
784981 


161 
166 


34 


35 


700682 


162 


717380 


7341U3 


751028 164 


707969 


35 


36 


700959 


166 


717659 


167 


734444 


168 


751310169 


7682521170 


785205 


170 


36 


87 


701237 


171 


717938 


172 


734724 


173 


761592 174 


768535 


174 


785549 


175 


37 


88 


701514 


176 


718217 


177 


735005 


177 


751874179 


768818 


179 


785833 


180 


38 


89 


701792 


180 


718496 


181 


735285 


182 

187 


752I55|183 


769101 


184 

189 


786117 


18.-» 


39 


40 


702070 


185 


718775 


18G 


735566 


752437 188 


769384 


786401 


189 


40 


41 


702347 


189 


719054 


191 


735846 


191 


762719 193 


769667 


193 


786685 


194 


41 


42 


702625 


194 


719333 


195 


736127 


196 


753001 197 


769950 


198 


786970 


199 


42 


43 


702903|l98 | 


719612 


200 


736408 


201 


763283'202 


770233 


203 


787254 


203 


43 


44 


703181 


203 


719892 


205 


736688 


205 


753565 


207 
211 


770516 


207 
212 


787538 


208 


44 


45 


703458 


208 


720171 


209 


736969 


210 


753847 


770800 


787822 


213 


45 


46 


703736 


212 


720450 


214 


737249 


215 


764129 


216 


771083 


217 


788107 


218 


46 


47 


704014 


217 


720730 


219 


737530 


219 


764411 


221 


771366 


222 


788391 


222 


47 


48 


704292 


222 


721009 


223 


737811 


224 


764693 


226 


771649 


226 


788675 


227 


48 


49 


704570 


226 


721288 


228 


738092 


229 


764975 


230 


771932 


231 
236 


788960 


232 
237 


49 


50 


704848 


231 


721568 


232 


738372 


233 


756257 


235 


772216 


789244 


50 


61 


705126 


235 


721847 


237 


738653 


238 


765539 


240 


772499 


241 


789528 


241 


61 


62 


705401 


240 


722126 


242 


738934 


243 


755821 


244 


772782 


245 


789813 


246 


62 


68 


705682 


245 


722406 


246 


789215 


247 


756103 


249 


773065 


250 


790097 


251 


53 


64 


706960 


249 


722685 


251 


739495 


252 


766385 


254 


778349 


255 


790381 


256 


54 


65 


706238 


254 


722965 


256 


739776 


257 


766667 


258 


773632 


259 


790666 


260 


55 


66 


706510 


258 


723244 


260 


740057 


261 


756949 


263 


773915 


264 


790950 


266 


66 


67 


706794 


263 


723524 


265 


740338 


266 


767281 


268 


774199 


269 


791235 


270 


67 


68 


707072 


268 


723803 


270 


740619 


271 


767514 


273 


774482 


274 


791519 


274 


68 


69 


707360l 


272 


724083 


274 


740900 


276 


767796 


277 


774706 


278 


791804 


279 


69 









TABLE XXV. 




ail 






Natural Vkhked Sini 


■■ 








M. 


TSO 


P..I 


79° 


Piirt 


80° 


Psrii 


81° 


P^t, 


62= 


P-n. 


83° 


P.ru 


S. 









'7U20B8 


^ 


8'191U1 




826352 




8J3.i^U6 


~o" 


800827 




878131 













782373 








820038 








801 115 


5 


878419 


5 








9 

i 


7B-iGa7 
7liaU43 


14 


810048 


,! 


82692.. 
827211 


U 


841 140 
841128 


10 
14 


801103 
86100! 


10 
11 


878708 
8-8007 


10 

14 


8 
1 






4 


703227 


19 




19 


827498 


19 




10 


861979 


19 


87B2BU 


19 


4 






S 


T535M 




"iiooTu 




827784 


24 


"845002 


"24 








24 


S 


6 


TBSTOe 


28 




29 


828071 




846:!00 


29 


862535 


29 


87 9863 


39 











794OS0 


31 


811100 


3S 


828357 


33 




31 


802844 


31 


880152 


31 


7 








194305 


38 


811470 


38 


828014 


38 


815861 


38 


803133 


38 


880441 


38 


8 








704650 
704D35 


43 


81 1762 


43 


828931 




846132 




803420 




880730 


43 


i_ 






81204T 




829217 


"48" 


840139 


"is" 


8fl370h 


"if 


881018 










7a5219 




812333 


52 


829J04 


53 




53 


8U3996 


53 


881307 


53 










7BS504 




812619 


67 


829-01 


67 


81701^ 




864281 


58 


881606 


68 


13 








795780 


02 


812904 


02 


830077 


02 


8173U2 


02 


864573 


02 


881886 


03 


u 








796073 


6G 


813190 


07 


830301 




817580 




864C-61 


07 


882171 


07 
72 


11 










813476 




830050 


"TT 


847877 


"TT 




72 










706CI3 




813702 


70 


830037 


76 


84810 




80543: 


77 


^82751 


77 


16 








7fi6U2S 


61 


814048 




831224 


81 


818132 


81 


863720 


82 


881010 


82 










737213 


85 


814333 


80 


831311 


80 




80 


8G0UI4 


87 


883339 




18 








797408 


90 
95 


814019 


01 


831797 




81902: 


91 


800302 


01 


883018 


91 


l!> 






797782 


8149UJ 




^T 


8193 U 


06 




96 






20 






798007 


100 


BIS19I 


100 


832371 


100 


81D0U2 


101 


800879 


101 


881100 


101 


21 








708352 


104 


815177 




832038 






105 


807167 


106 


881185 


100 


22 






23 


708G37 


100 


81S703 


110 


832911 






110 


807435 




884774 


111 








■2i 


798922 


114 


816049 


114 


833231 


115 


830106 


113 


807744 


113 


885003 


110 


24 












IIU 


83351a 


m 


860733 


120 


808032 


120 


885362 




2.1 




ao 


7B9402 




816621 


124 


833803 


121 


8.-.IU40 




808320 


125 


886641 




3ii 








7997 77 


128 




129 


834002 


129 


831328 


129 


808009 


130 


885930 














133 


617192 






134 


851013 


131 


808897 


13S 


880310 










2!* 


800547 


138 


817478 


138 


Ii3100fa 




851003 


139 


809185 


139 


886608 


nT 


30 






800t;32 


142 


017704 


uT 


834932 


US' 


832101 


HI 






886707" 










818050 


148 


835230 


148 


852478 




8G970: 


119 


8^7080 


119 


31 












S18S37 


152 


835520 


153 


852700 






154 


887175 


1S4 


32 








801 487 


157 


81862J|157 


835813 


138 


8530S1 


158 




159 


887601 




33 






3( 


801772 


101 


8IS90<J;lb2 


830100 


163 


853341 


163 


B70tig: 


103 


887953 


161 






35 


B02USB 


100 


819194 TeTI 


830381 




853029 


100 


8I09I6 


108 


888212 


169" 






30 


802343 


171 


sio-iar 


172 






853917 


172 


87 1204 




888531 


173 


SO 








802028 


170 


810707 


176 


830901 


177 


854805 


177 


871493 




888820 


178 


37 






SB 


802U13 


180 


820053 


181 


837248 


188 




182 


871781 




889109 


183 


38 






SO 


803190 


185 


820330 


ISO 


837536 


187 


S5478( 




872070 


188 


880398 


188 


39 






803483 


190 


820625 


191 


837822 




85S068 


loT 


872358 


192 






40 




41 


8037HW 


WS 


820912 


195 


838199 




86S336 


190 


872017 


197 


889977 


197 










804054 


199 


831108 


200 


838396 




855014 


201 


872935 


103 


890200 


202 










804339 


1204 


831484 


203 


8S8GS3 


200 


85S932 


200 


8733241207 
873..12 213 


890555 


207 








44 


804024 


!21 


831770 


210 


838970 


210 


856820 


211 


890841 


213 


41 




J.i 


H040IU 


214 


822056 






216 


856607 










4.1 




Hi 


805195 


21s 


833343 




830545 




850795 


220 


8740DU 


22) 


89142; 


222 


46 






4; 


H034B0 


223 


823629 






22s 


857083 






220 




220 


47 






JM 


B05760 


228 


822915 


229 




230 


857371 


230 


874067 




892001 




48 






""fliT 


800051 


233 
237 


823302 
~S23488 


231 


849400 


:^34 


857059 


233 


871935 


236 




aso 


49 




80U33(i 


238 


"84009! 


239 


857947 


310 






093379 


211 


50 






800032 


242 


823774 


213 




244 


858335 


244 


87S533 




892808 


210 


51 






S2 


800907 


247 


821061 


248 




240 


858623 


249 


876821 




803151 




52 






ss 


807103 


232 


824347 


253 




233 


85B8II 


254 


876110 






235 


53 






S4 

a.i 


807478 


23G 


824633 


257 


S4I84S 


258 


859099 


259 


876309 


200 


893730 


260 


64 




897703 






■Mi 




263 


B693BI 




870687 




894085 


363" 






56 


808049 


206 


92*806 




842110 


268 


859073 


208 








270 








57 


808134 


271 


825492 


278 


842704 


271 


859963 


273 






804601 


275 


57 








808020 




825779 




842991 


277 


8002S1 


278 




270 




279 


58 






5tt 


80890S 




8'J60C5 




813278 


298 


800S39 


283 




284 


805182 




SB 
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TABLE XXV. 



Natural VfiaSED Ststw, 



M. 


84° 


Patrta 


850 


Partb 


86® 


Paru 


87° 


Partd 


88° 


Parvt 



89° 


Pfltrta 


S. 





896472 





912844 





980244 





947664 





965101 


982548 








1 


895761 


6 


913134 


6 


930584 


6 


947955 


6 


965391 


5 


982838 


5 


1 


S 


896060 


10 


913424 


10 


980824 


10 


948245 


10 


965682 


10 


983129 


10 


2 


8 


896339 


14 


913714 


14 


931114 


15 


918536 


15 


965978 


15 


983420 


15 


8 


4 


896629 


19 


914003 


19 


931404 
981694 


19 


948826 


19 


966263 


19 
24 


983711 


19 


4 


6 


896918 


24 


914293 


24 


24 


949117 


24 


966554 


984002 


24 


6 


6 


897207 


29 


914583 


29 


981985 


29 


949407 


29 


966845 


29 


984298 


29 


6 


T 


897497 


34 


914873 


84 


932276 


34 


949698 


84 


967186 


34 


984584 


34 


7 


8 


897786 


39 


915163 


39 


982565 


89 


949988 


89 


967426 


39 


984874 


39 


8 


9 


898076 


48 

48 


916453 
915742 


48 


982855 


44 


950279 


44 

48 


967717 


44 

48 


985105 
985456 


44 


9 


10 


898865 


48 


933146 


48 


950569 


968008 


48 


10 


11 


898654 


68 


916032 


58 


983436 


58 


950860 


58 


968298 


53 


985747 


53 


11 


12 


898944 


68 


916322 


68 


933726 


58 


951150 


68 


908589 


68 


986088 


68 


12 


13 


899233 


68 


916612 


68 


984016 


63 


951441 


63 


968880 


63 


086329 


63 


13 


14 


899523 


68 


916902 


68 


934307 


68 


951731 


68 


969171 


68 
73 


986620 


68 


11 


15 


899812 


72 


917192 


72 


^4597 


78 


952022 


73 


969461 


986910 


73 


15 


16 


900161 


77 


917482 


77 


984887 


77 


952312 


77 


969752 


77 


987201 


77 


16 


17 


906891 


82 


917772 


82 


935177 


82 


952603 


82 


970043 


82 


987492 


82 


17 


18 


900680 


87 


918061 


87 


935466 


87 


952894 


87 


970834 


87 


987783 


67 


18 


19 


900970 


92 
96 


918361 


92 
97 


985768 


92 


953184 


92 


970625 


92 
97 


988074 


92 


19 


20 


901259 


918641 


936048 


97 


953475 


97 


970915 


988365 


97 


20 


21 


901549 


101 


918931 


101 


936339' 


102 


953765 


102 


971206 


102 


988656 


102 


21 


22 


901838 


i06 


919221 


106 


936629' 


106 


954056 


106 


971497 


106 


988946 


106 


22 


23 


902128 


HI 


919511 


111 


9369191 111 


954346 


HI 


971788 


HI 


989237 


111 


28 


2t 


902117 


(16 


919801 


116 


937209! 116 


954637 


116 


972078 


116 

121 1 


989528 


116 


21 


ys 


902707 tl2l 


920091 


121 


987500121 


954928 


121 


972369 


989819 


121 


25 


26 


902996 125 


9^20381 


126 


937790126 


955218 


126 


972600 


126 


990110 


126 


26 


27 


903286 


130 


920G7I 


180 


938080131 


955509 


131 


972951 


131 


990401 


131 


27 


28 


908575 


135 


92i)961 


186 


088871 


136 


955799 


186 


973241 


186 


990692 


166 


28 


29 


903865 


140 
145 


921251 


140 


938661 


140 


956090 


140 


973532 


140 
145 


990983 


140 


29 


30 


904154 


921541 


146 


938951 


145 


956381 


145 


973823 


991273 


145 


30 


31 


904444 


160 


921831 


156 


^92421 150 


956671 


150 


974114 


160 


991564 


150 


31 


32 


904733 


154 


922121 


165 


9$9532{l55 


956962 155 


974405 


165 


991865 


155 


32 


33 


905023 


169 


922411 


169 


939823! 160 


957252160 


974695 


160 


992146 


160 


33 


34 


905313 


164 


922701 


161 


946113 


165 


957543165 


974986 


166 


992437 


165 
169 


34 


35 


905602 


169 


922991 


169 


940408 


169 


957»34'16«l 


9752/7 


169 


992728 


35 


36 


905892 


174 


928281 


174 


940694 


174 


958124174 


975668 


174 


993019 


174 


86 


37 


906181 


178 


928571 


179 


940084 


179 


958415179 


976859 


179 


998810 


179 


87 


38 


906471 


183 


928661 


184 


941274 


184 


958706 


184 


976149 


184 


993661 


184 


88 


89 


906761 


188 


924151 


188 


941565 


189 


958996 


189 


976440 


189 


993891 


189 
194 


89 


40 


907050 


193 


924441 


193 


941855 


194 


959287 


194 


976731 


194 


994182 


40 


41 


907840 


198 


924781 


198 


942146 


199 


959578 


199 


977022 


199 


994473 


199 


41 


42 


907629 


208 


W5021 


203 


942436 


203 


969868 


203 


977818 


208 


994764 


208 


42 


43 


907919 


207 


921^311 


208 


942726 


208 


960159 


208 


977603 


208 


995655 


208 


48 


44 


908299 


212 


925601 


213 


948017 


213 
21b 


960460 


218 


977894 


218 


995346 


218 
218" 


44 


. 45 


908498 


217 


925892 


217 


943307 


960740 


218 


978185 


218 


995687 


45 


46 


908788 


222 


926182 


222 


943598 


228 


961031 


228 


978476 


228 


995928 


228 


46 


47 


90907b 


227 


9t6472 


227 


943888 


228 


961322 


228 


978767 


228 


996218 




47 


48 


909367 


282 


9(16762 


232 


944178 


232 


961612 


282 


979058 


282 


996509 


232 


46 


49 


909657 


236 


9270:)2 


237 
242 


944469 


237 


961903 


237 


97934^ 


287 


996600 


237 


49 


50 


909947 


241 


927342 


944759 


242 


962194 


242 


979639 


242 


997091 


242 


50 


61 


910287 


246 


927632 


246 


945050 


247 


962484 


247 


979930 


247 


997882 


247 


61 


62 


9I052U 


261 


927922 


251 


945346 


252 


902775 


252 


980221 


262 


997673 


252 


62 


68 


910816 


256 


928212 


256 


945681 


257 


963066 


257 


980612 


257 


997964 


257 


58 


54 


911106 


261 


928503 


261 


945921 


261 


968356 


261 
266 


980803 


261 


998255 


261 


64 


65 


91180^ 


266 


928798 


266 


946212 


266 


968647 


981093 


266 


998546 


266 


65 


66 


911665 


270 


929088 


271 


946502 


271 


963987 


271 


981884 


•271 


906886 


271 


66 


67 


911976 


275 


929873 276 


946798 


276 


964228 


276 


061675 


[276 


999127 


276 


57 


68 


9I226> 
912654 


280 


939663 280 


947688 


281 


964619 


281 


981966 


281 


999418 


281 


66 


6t 


285 


929958 286 | 947874 


286 


961810 


286 

■ 


982257 


886 


999709 


286 


69 



/ 



TABLE XXV. 



«3 



Natural Veksi^d Sines. 



M. 


90° 


Parts 


91° 


Partb 


920 


ParU 


93° 


Ptirtd 



5 
10 
15 
19 

24 
29 
34 
39 
44 


940 


Partly 


, 960 


Pkirti 


S. 



1 
2 
8 
4 


1000000 
1000291 
1000582 
1000873 
1001164 

1001454 
1001745 
1002036 
1002327 
1002618 

10J2909 
1003200 
1003191 
1003782 
1004072 




5 

10 

15 

19 


1017452 
1017743 
1018034 
1018325 
1018616 



5 

10 
15 
19 


1034899 
1035190 
1035481 
1035772 
1036062 




5 

10 

16 

19 

24 
29 
34 
39 
44 


1052336 
1052626 
1052917 
1053207 
1053498 


1069766 
1070047 
1070387 
1070627 
1070917 



6 

10 
14 
19 

24 
29 
84 
89 
43 

48 
68 
68 
63 
68 

72 

77 
82 
87 
92 


1087166 
1087446 
1087786 
1088026 
1088815 




5 

10 

14 

19 



1 

a 

8 
4 


6 
6 

7 
8 
9 


24 
29 
34 
39 
41 


1018907 
1019197 
1019488 
1019779 
1020070 


24 
29 
34 
39 
44 


1030353 
1086644 
1030934 
1037225 

1037516 


1053788 
1054079 
1054869 
1054660 
1054950 


1071207 
1071497 
1071788 
1072078 
1072368 


1088605 
1088894 
1089184 
1089474 
1089763 


24 
20 
84 
89 
48 


6 
6 

r 

8 
9 


10 
11 
12 
13 
14 


48 
53 
58 
63 
68 


1020361 
1020(i52 
1020942 
1021283 
1021524 


48 
53 
58 
63 
68 


1037806 
1038097 
1038388 
1038678 
1038969 


48 
68 
58 
68 
68 


1055241 
1055531 
1055822 
1056112 
1056402 


48 
53 
58 
63 
68 

73 

77 
82 
87 
92 

97 
102 
106 
111 
116 


1072658 
1072948 
1078238 
1073528 
1073818 


1090053 
1090343 
1090633 
109^922 
1091212 


48 
68 
68 
68 
68 


10 
11 
18 
18 
14 


15 
16 
17 
18 
19 


1004363 
1004654 
1004945 
1005236 
1005527 


73 
77 

82 
87 
92 


1021815 
1022106 
1022397 
1022687 
1022978 


73 
77 
82 
87 
92 


10392G0 
1039550 
1039811 
1040132 
1040422 


73 
77 

82 
87 
92 


1056G93 
1056983 
1057274 
1057564 
1057854 


1074108 
1074399 
1074689 
1074970 
1075269 


1091502 
1091791 
1092081 
1092371 
1092660 


72 

17 
82 
87 
92 


15 
16 
IT 
18 
19 


20 
21 
22 
23 
24 


1005818 
1006109 
1006399 
1006690 
10:»6y81 


97 
102 
106 
111 
116 


1023269 
1023560 
1023851 
1024141 
1024432 


97 
102 
106 
111 
116 


1040713 
1041004 
1041294 
1041585 
1041876 


97 
102 
106 
HI 
116 


1058145 
1058433 
10.58726 
1059016 
1059306 


1075559 
1075849 
1070139 
1076429 
1076719 


97 
101 
106 
111 
116 


1092960 
1093289 
1098529 
1098819 
1094108 


96 
101 
106 
111 
116 

121 
126 
180 
186 
140 


20 
81 
88 
88 

84 


25 
26 
27 
28 
29 


1007272 
1007563 
1007854 
1008145 
1008436 


121 
126 
131 
136 
140 

145 
150 
155 
160 
165 

169" 

174 

179 

184 

189 

194 
199 
203 
208 
213 


1024723 
1025014 
1025305 
1025595 
1025886 


121 
126 
131 
136 
140 

145 
loO 
155 
160 
l(i5 

169 
174 
179 
181 
189 


1042166 
1042457 
1012748 
1043038 
1043829 


121 
126 
131 
136 
140 


1059597 
1059887 
1060177 
1060468 
1060758 


121 
126 
181 
136 
140 

lu 

150 
156 
160 
165 


1077009 
1077299 
1077689 
1077879 
1078169 


121 
126 
180 
186 
140 


1094398 
1094687 
1094977 
1095267 
1096566 


86 
86 
8T 
88 
89 


30 
31 
32 
33 
84 


1008727 
1009017 
10093U8 
1009599 
10U9890 


102(il77 
102<)4f>8 
1026759 
1027049 
10273 10 


1043619 145 
1043910 150 
1044201 156 
1044491 160 
1044782 165 

1045072 169 
1045363 174 
1045654 179 
1045944 184 
1046236189 


1061049 
1061389 
1061620 
1061920 
1062210 


1078459 
1078740 
1079030 
1079329 
l.)7961Q 


145 
160 
165 
169 
164 


1095846 
1096186 
1096426 
1096714 
1007004 


146 
160 
164 
169 
164 


80 
81 
88 
88 
84 


35 
30 
37 
38 
39 


1010181 
1010472 
101076:i 
1011034 
1011344 

1011635 
1011926 
1012217 
10125 08 
1012799 


1027031 
1027922 
1028213 
1028503 
1028794 


1062500 
1062791 
1063081 
1063371 
1063661 


li>9 
174 
179 
184 
189 


1079909 
1080199 
1080489 
1080779 
1081060 


169 
174 
179 
184 

188 


1097293 
1097683 
1097872 
1098162 
1098461 


169 
174 
178 
188 

188 


86 
86 
87 
88 
80 


40 
41 
42 
43 
44 


1029085 
1029375 
1029666 
1029957 
1030248 


194 
199 
203 
208 
213 


1046525 194 
1046816199 
1047106 203 
1047897,?08 
1047688,218 


1068952 
1064242 
1064532 
1064823 
1065118 


194 
199 
203 
208 
213 

218 
223 
228 
232 
237 


1081369 
1081649 
1081989 
1082228 
1082518 


193 
198 
208 
208 
213 


1098741 
1099030 
1099320 
1099609 
1099899 


198 
198 
208 
207 
212 


40 
41 
48 
48 
44 


45 
46 
47 

48 
49 


1013090 
1013380 
1013671 
1013962 
1014253 


218 
223 
228 
232 
287 

242 
247 
252 
257 
261 


1030539 
1030829 
1031120 
1031411 
1031702 


218 
223 
228 
232 
237 


1047978 
1048269 
1048659 
1048850 
1049140 


218 
223 
228 
232 
237 


1066403 
1066693 
1066984 
1066274 
1066664 


1082808 
1088098 
1083888 
1088678 
1083968 


217 
222 
227 
232 
237 


1100188 
1100477 
1100767 
1101066 
1101846 


217 
222 
227 
288 
286 


45 
46 
47 
48 
40 


50 
51 
52 
58 
54 


1014544 
1014835 
1015126 
1015416 
1015707 

1015998 
1016289 
1016580 
1016871 
1017162 


1031992 
1032288 
1032574 
1032864 
1038155 


242 
247 
252 
267 

2t)l 


1049481 
1049721 
1050012 
1050302 
1050598 


242 
247 
252 
257 
261 


1066854 
1067146 
1067436 
1067725 
10^8015 


242 
247 
262 
257 
261 

266 
271 
276 
281 
286 


1084258 
1084547 
1084887 
1085127 
1086417 


242 
246 
261 
266 
361 


110Ui85 
1101924 
1102214 
1102503 
1102793 


241 
246 
261 
266 
261 


50 
51 
58 
58 
54 


55 
56 
57 

58 
59 


260 
271 
270 

281 
286 


1033440 
1033737 
1034027 
1084818 
108 1609 


266 
271 
276 
281 
286 


1060888 
1051174 
1051464 
1051755 
1062045 


266 
271 
276 
281 
286 


1068300 
1068596 
1068886 
1069176 
1069466 


1086707 
1086997 
1086286 
1086676 
1086866 


266 
271 
275 
280 
286 


1108082 
1108871 
1108661 
1108960 
110428^ 


266 
270 
276 
280 
886 


55 

56 
57 
58 
50 
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TABLE XXV, 



Natural Vf.rsed Sines. 



M. 


96° 


Parts 


97° 


Parts 


980 


Parts 


990 


Parts 



5 
10 
14 
19 


100° 


Paifc 



5 

9 

14 

19 

24 
29 
33 
38 
43 


101° 


Parts 



6 

9 
14 
19 

24 
28 
33 
38 
43 


s. 



1 
2 
8 
4 


1104528 
1104818 
1105107 
1105396 
1105686 




6 

10 

14 

19 


1121869 
1122158 
1122447 
1122735 
1123024 




5 

10 

14 

19 

24 
29 
34 

38 
43 


1139173 
1139461 
1139749 
1140037 
1140325 




5 

10 

14 

19 


1156434 
1156722 
1157009 
115729(i 
1157584 


1173648 
1173935 
1174221 
1174508 
1174794 


1190809 
1191095 
1191380 
1191666 
1191951 




1 

2 
3 
4 


6 
6 

7 
8 



1105975 
1106264 
1106553 
1106843 
1107132 


24 
29 
34 
38 
43 


1123313 
1123601 
1123890 
1124179 
1124467 


1140013 
1140901 
1141189 
1141477 
1141765 


24 

29 
34 

38 
43 

48 
53 
57 
62 
67 

72 

77 
81 
86 

91 

96 
101 
105 
110 
115 


1157871 
1158158 
1158445 
1158732 
1159020 


24 
29 
33 
38 
43 


1175080 
1175367 
1175653 
1175939 
1176226 


1192237 
1192522 
1192807 
1193093 
1193378 


5 
6 
7 

8 
9 


10 
11 
12 
13 
14 


1107421 
1107710 
llOdOOO 
1108289 
1108578 


48 
53 
58 
63 
67 


1124756 
1125045 
1125333 
112)622 
1125910 


48 
53 
58 
62 
67 


1142053 
1142341 
1142629 
1142917 
1143205 


1159307 
1159594 
1159881 
1160168 
1160455 


48 
68 
67 
62 
67 


1176512 
1176798 
1177085 
1177371 
1177657 


48 
52 
57 
62 
67 

71 

76 
81 
86 
91 

95 
100 
105 
110 
114 

119 
124 
129 
133 
138 

143 
148 
152 
157 
102 

107 
172 
176 
181 
186 

191 
195 
2)0 
2G5 
210 


1193064 
1193949 
1194234 
1194520 
1194805 


47 
52 
57 
62 
66 


10 
11 
12 
13 
14 


15 
16 
17 
18 
19 


1108867 
1109156 
1109445 
1109734 
11100*23 

1110313 
1110602 
1110891 
1111180 
1111469 


72 

77 
82 
87 
91 

9(i 
101 
106 
111 
116 


1126199 
1126488 
1126776 
1127065 
1127353 


72 
77 

82 
87 

m 

96 
101 
106 
HI 
115 

120 
125 
130 
136 
139 


1143493 
1143780 
1144068 
1144356 
1144614 

1144932 
1145220 
1145507 
1145795 
1146083 


1160743 
1161030 
1161317 
1161604 
1161891 

1162178 
11G2465 
11G2752 
1163039 
1163326 


72 
76 
81 
86 
91 

96 
100 
105 
110 
115 

120 
124 
129 
134 
139 

143 
148 
153 
158 
163 

167 
172 
177 
182 

187 


1177944 
1178230 
1178516 

117h802 
1179088 


1195090 
1195376 
1195061 
1195946 
11 90231 


71 
76 

81 
85 
90 

95 
100 
104 
109 
114 


15 
10 
17 

18 
19 


20 
21 
22 
23 
24 


1127642 
1127930 
1128219 
1128507 
1128796 


1179375 
1179661 
1179947 
1180233 
1180519 


1196517 
1196802 
1197087 
1197372 
1197657 


20 
21 
22 
23 

24 


25 
26 
27 

28 
29 


1111758 
1112017 
1112336 
1112025 
1112914 


120 
125 
130 
135 
140 


1129084 
1129373 
1129661 
1129949 
1130238 


1146371 
1146659 
1146946 
1147284 
1147622 


120 
125 
129 
134 
13 

T44 
149 
153 
158 
1U3 

168 
172 
177 

182 

187 

192 
196 
201 
206 
211 


1163613 
1163900 
1161187 
1161474 
1164761 

1165048 
1165334 
1165621 
11659>8 
1166195 


1180805 
1181091 
1181377 
1181063 
1181950 


1197942 
1198228 
1198513 
119879& 
1199083 


119 
123 
128 
133 
138 

142 
147 
152 
157 
161 

166 
171 
176 
180 
185 

190 
195 
199 
204 
209 

214 
218 
223 
228 
233 

237 
242 
247 
252 
250 


25 

26 
27 
28 
29 


80 
81 
82 
88 

84 


1113203 
1113492 
1113781 
1114070 
1114359 


144 
149 
154 
159 
164 


1130526 
1180815 
1131103 
1181391 
1131680 


144 
140 
164 
160 
163 


1147H0U 
1148097 
11483H6 
1 148672 
1148960 


1182236 
1182522 
1182808 
1183094 
1183379 


1199368 
1199o53 
1199938 
1200223 
1200508 


30 
31 
32 
38 
84 


85 
86 
87 

88 
89 


1114648 
1114937 
1115226 
1115515 
1115804 


169 
173 

178 
183 
188 

193 
197 
202 
207 
212 

217 
222 
226 
231 
236 


113L968 
1132256 
1132545 
1132833 
1133121 


168 
173 
178 
183 

188 

192 
197 
202 
207 
212 


11492.18 
1149635 
1149823 
1150111 
1150398 


1166482 
1166769 
llb7056 
1167342 
1167629 


1183665 
1183951 
1184237 
1184523 
1184809 


1200793 
1201078 
1201363 
1201648 
1201933 


35 
36 
37 
38 
39 


40 
41 
42 
43 
44 


1116093 
1116382 
1116671 
1116960 
1117249 


1133410 
1133698 
1133986 
1134274 
1134563 


1150686 
1150973 
1151261 
1161548 
1151836 


1167916 
1108203 
1168489 
1168776 
1169063 


191 
196 
201 
206 
210 

215 
220 
225 
230 
234 


1185095 
1186381 
1185667 
1185952 
1186238 


1202210 
1202502 
1202787 
1203072 
1203357 


40 
41 
42 
43 
44 


46 
46 
47 

48 
49 


1117537 
1117826 
1118115 
1118404 
1118698 


1134851 
1135139 
1135427 
1135716 
1136001 


210 
221 
226 
231 
236 


1152123 
1152411 
1152698 
1152986 
1153273 


216 
220 
225 
230 
235 


1169350 
1169636 
1169923 
1170209 
1170496 


1186524 
1186810 
1187096 
1187381 
1187667 


214 
219 
224 
229 
234 

238" 

243 

248 

253 

257 

262 
267 
272 
276 
281 


1203642 
1203927 
1204211 
1204490 
1204781 


45 
40 
47 
48 
49 


60 
61 
62 
68 
64 


1118982 
1119270 
1119559 
1119848 
1120137 


241 

246 
250 
255 
260 


1136292 
1136580 
1136868 
1137156 
1137445 


240 
245 
250 
255 
260 

264 
269 
274 
279 
284 


1153561 
1153848 
1154136 
1154423 
1154710 


240 
244 
249 
254 
259 

264 
268 
273 

278 
283 


1170783 
1171069 
1171350 
1171643 
1171929 


239 
244 
249 
253 
258 


1187953 
1188238 
1188524 

1188810 
1189095 


1305065 
1205350 
1205635 
1205920 
1200201 


60 
61 
62 
63 
54 


65 
66 
67 

68 
69 


1120426 
1120714 
1121003 
1121292 
1121581 


265 
270 
275 
279 
284 


1137733 
1138021 
1138309 
1138597 
1138885 


1154998 
1155285 
1155572 
1155860 
1156147 


1172210 
1172502 
1172789 
1173075 
1173362 


263 
268 
273 
277 

282 


1189381 
1189667 
1189952 
1190238 
1190523 


1206489 
1200773 
1207058 
1207348 
1207027 


201 
206 
271 
275 

280 


65 
60 
67 
68 
60 



L 
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TABLE XXV. 



215 



Natural Versed Sines. 



M. 


102O 


Parts 


1030 


Parta 


1040 


Parts 



1050 
1258819 


Parts 


IO6O 


Parts 


107° 


Parts 



8. 






1207912 





1224951 





1241922 





1275637 





1292372 


1 


1208196 


5 


1225234 


5 


1242204 


5 


1259100 


5 


1275917 


6 


1292650 


6 


1 


2 


1208481 


9 


1225518 


9 


1242486 


9 


1259381 


9 


1276197 


9 


1292928 


9 


2 


3 


1208765 


14 


1225801 


14 


1242769 


14 


1259662 


14 


1276176 


14 


1293206 


14 


8 


4 


1209050 
1209334 


19 


1226085 


19 
24 


1243051 


19 


1259943 


19 


1276766 


19 

23 


1293484 


18 

23 


4 


5 


24 


1226368 


1243333 


24 


1200224 


23 


1277035 


1293762 


5 


6 


1209019 


28 


1226651 


28 


1243615 


28 


1260505 


28 


1277315 


28 


1294040 


28 


6 


7 


1209903 


33 


1226935 


33 


1243897 


33 


1200785 


33 


1277594 


33 


1294318 


82 


7 


8 


1210187 


38 


1227218 


38 


1244179 


38 


1261066 


37 


1277874 


37 


1294596 


37 


8 


9 


1210472 


43 


1227501 


42 


1244461 


42 

47 


1261347 


42 


1278153 


42 
46 


1294874 
1295152 


42 
46 


9 


10 


1210756 


47 


1227784 


47 


1214743 


126162b 


47 


1278432 


10 


11 


1211040 


52 


1228068 


52 


1215025 


52 


1261908 


51 


1278712 


51 


1295430 


61 


11 


12 


1211325 


57 


1228351 


57 


1245307 


56 


1262189 


56 


1278991 


56 


129570SI 65 


12 


13 


1211609 


61 


1228634 


61 


1215589 


61 


1262470 


61 


1279270 


60 


1295986 60 


18 


14 


1211893 


66 


1228917 


66 


1245871 


66 
70 


1262751 


65 
70 


1279550 


65 
70 


1296264 


66 


14 


15 


1212178 


71 


1229200 


71 


1246153 


12U3031 


1279829 


1296642 


69 


16 


16 


1212462 


76 


1229484 


75 


1216435 


75 


1263312 


75 


1280108 


74 


1296819 


74 


16 


17 


1212746 


80 


1229767 


80 


1246717 


80 


1263592 


79 


1280388 


79 


1297097 


78 


17 


16 


1213030 


85 


1230050 


85 


1216999 


85 


1263873 


84 


1280667 


84 


1297375 


83 


18 


19 


1213315 


90 


1230333 


90 


1247281 


89 


1264154 


89 


1280946 


88 
93 


1297653 


88 


19 


20 


1213599 


95 


1230616 


94 


1247563 


94 


1264434 


93 


1281225 


129793U 


92 


20 


21 


1213883 


99 


1230899 


99 


1247845 


99 


1264715 


98 


1281504 


98 


1298208 


97 


81 


22 


1214167 


104 


1231182 


104 


1248126 


103 


1264995 


103 


1281783 


102 


1298486 


102 


as 


23 


1214451 


109 


1231465 108 


1248408 


108 


1265276 


107 


1282062 


107 


1298763 


106 


28 


24 


1214735 


114 


1231748 113 


1248690 


lis 


1265556 


112 
117 


1282341 
1282620 


112 


1299041 


111 


24 


25 


1215019 


118 


1232031 


118 


1218972 


117 


1265837 


116 


1299318 


116 


25 


26 


1215303123 


1232314 


123 


1249253 


122 


1266117 


121 


1282899 


121 


1299596 


120 


26 


27 


1215588128 


1232597 


127 


1249535 


127 


1266397 


126 


1283178 


126 


1299878 


126 


2T 


28 


1215872132 


1232880 


132 


1249817 


132 


1266678 


131 


1283457 


130 


1300151 


129 


28 


29 


1216I56|I37 
1216140142 


1233163 


137 


1250098 


136 
141 


1266958 


135 
140 


1283736 


135 
139 


1300428 


134 
138 


29 


30 


1233445 


141 


1250380 


1267238 


1284015 


1300706 


80 


31 


1216724147 


1233728 


146 


1250062 


146 


1267519 


145 


1284294 


144 


1300983 


148 


81 


32 


1217008151 


1234011 


151 


1250913 


150 


1267799 


149 


1284573 


149 


1301261 


148 


82 


33 


1217292 156 


1234294 


156 


1251225 


155 


1268079 


154 


1284852 


153 


1301638 


152 


81 


34 


1217576 
1217859 


161 


1234577 


160 


1251506 


160 
164 


1268359 


159 


1285131 


158 


1301815 


167 


84 


35 


166 


1234859 


165 


1251788 


1268640 


163 


1285410 


163 


1302093 


162 


86 


36 


1218143170 


1235142 


170 


1252069 


169 


1268920 


168 


1285688 


167 


1302370 


166 


86 


37 


1218427il75 


1235425 


174 


1252351 


174 


1269200 


173 


1285967 


172 


1302647 


171 


87 


38 


1218711180 


1235708 


179 


1252632 


179 


1269480 


177 


1286246 


177 


1302924 


175 


88 


39 


1218995!l85 
1219279189 


1235990 


184 


1252914 


183 


1269760 


182 


1286525 


181 


1303202 


180 


89 


40 


1236273 


189 


1253195 


188 


1270040 


187 


1286803 


186 


1303479 


185 


40 


41 


1219562 194 


1236556 


193 


1253477 


193 


1270320 


191 


1287082 


191 


1303766 


189 


41 


42 


1219846 199 


1236838 


198 


1253758 


197 


1270600 


196 


1287361 


195 


1304038 


194 


42 


43 


1220130 203 


1237120 


203 


1254039 


202 


1270880 


201 


1287639 


200 


1304310 


198 


48 


44 


1220413^208 


1237403 


207 
212 


1254321 


207 
211 


1271160 


205 


1287918 


205 
209 


1304687 


208 

208 


41 


45 


1220697 213 


1237686 


1254602 


1271440 


210 


1288196 


1304861 


45 


46 


1220981,218 


1237968 


217 


1254883 


216 


1271720 


215 


1288475 


214 


1305141 


212 


46 


47 


1221265 222 


1238251 


222 


1255164 


221 


1272000 


219 


1288753 


219 


1805118 


217 


47 


48 


1221548 


227 


1238533 


226 


1255446 


226 


1272280 


224 


1289032 


223 


1305695 


222 


48 


49 


1221832 


232 


1238816 


231 
236 


1255727 


230 


1272.360 


229 
233 


1289310 


228 


1305972 


226 
281 


49 


50 


1222116 


237 


1239098 


1256008 


235 


1272810 


1289589 


232 


1306249 


60 


51 


1222399 


211 


1239381 


241 


1256289 


240 


1273120 


238 


1289867 


237 


1306526 


235 


61 


52 


1222683 


246 


1239663 


245 


1256571 


244 


1278400 


243 


1290145 


242 


1306803 


240 


62 


68 


1222967 


251 


1239946 


250 


1256852 


249 


1273679 


247 


1290424 


246 


1807080 


245 


68 


54 


1223250 


256 


1240228 


255 


1257133 


254 


1273959 


252 


1290702 


251 


1807367 


249 
254 


64 


65 


1223534 


260 


1240510 


259 


1257414 


258 


1274239 


257 


1290981 


256 


1807633 


66 


66 


1223817 


265 


1240793 


264 


1257695 


263 


1274519 


261 


1291259 


260 


1307910 


258 


66 


67 


1224101 


270 


1241075 


269 


1257976 


268 


1274798 


266 


1291537 


265 


1308187 


268 


67 


58 


1224384 


274 


1241357 


274 


1258257 


273 


1275078 


271 


1291815 


270 


1308464 


2i68 


68 


59 


12246681 


279 


12416401278 1 


1258538 


277 


1275358 


276 


1292094 


274 


1308740 


272 


69 
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TABLB XXV. 



Natural Veksed Sines. 



M. 


1060 


P«rU( 


1990 


Park 


1 100 


Paru 


111° 


Paru 


1120 


F»rt!i 


113° 


Paru 


S. 



1 
B 
8 
4 


1300017 
1309294 
1309570 
1809847 
1310123 


9 

6 

9 

14 

18 


1326568 
1325843 
1326118 
1326393 
1326668 




6 

9 

14 

18 


1342020 
1342293 
1342567 
1342840 
1343113 

1343387 
1343660 
1343933 
1344200 
1344479 




6 

9 

14 

18 


1358868 
1358640 
1358911 
1359183 
1359154 



6 

9 
14 

18 


1374607 
1374876 
1375146 
137541(> 
1375685 




4 

9 

13 

18 

22 
27 
31 
86 

40 

45 

49 
54 
58 
68 


13U0731 
1390999 
1391267 
1391534 
1391802 

1392070 
1392337 
13J>2605 
1392872 
1393140 



4 

9 
IS 

18 

22 
27 
31 

36 
40 

44 
49 
53 
58 
62 

67 
71 

76 

80 
85 

89 

93 

98 

102 

107 




1 

2 
3 
4 


6 
6 
7 
8 
9 


1310100 
1310676 
1310953 
1811229 
1811500 


28 
28 
32 
37 
41 


1326943 
1327218 
1327493 
1827768 
1328042 


23 
27 

32 
3G 
41 


23 
27 
38 
36 
41 

45 

50 
54 
59 
64 


1359725 
1359997 
1860268 
1360540 
1360811 


23 
27 
82 
36 
41 


J 375955 
1376224 
1376494 
1376763 
1377032 


5 
6 
7 

8 
9 


19 
U 
IS 
18 
14 


1311782 
1312059 
1812385 
1812611 
1312888 


46 
61 
65 
69 
64 


139.2317 
1328592 
1328867 
1329141 
1329416 


46 
50 
55 
59 
64 

68 
73 
78 
82 
87 


1344752 
1345025 
1346298 
1345571 
1345844 


1361082 
1301353 
1361625 
1361896 
1362167 


45 
60 
54 
69 
63 


1377302 
1377571 
1377841 
1378110 
1378379 


1393407 
1393675 
i393942 
1394209 
1394477 


10 
U 
19 
13 
14 


16 
16 
17 
16 
19 


1313164 
1313440 
1313716 
1313992 
1314269 


69 
74 

78 
83 

87 

92 

97 
101 
106 
110 


1329691 
1329965 
1330240 
1330514 
1330789 


1340117 
1346390 
1346663 
1346930 
1347200 


68 
78 
77 

82 
86 

91 

95 

100 

104 

10) 


1362438 
1362709 
1362980 
1363251 
1363522 


68 
72 
77 

81 
86 


1378649 
1378918 
1379187 
1379456 
1379725 


67 
72 
76 

81 
85 


1394744 
1395011 
1395278 
1395546 
1395813 


15 
16 
17 
18 
19 


•9 
81 
«8 
98 
04 


1314545 
1314821 
1816097 
1315373 
1315649 


1331063 
1331338 
1331612 
1331887 
1332161 


91 

96 

100 

105 

110 

114 
119 
123 
128 
132 

137 
142 
146 
151 
155 


1347481 
1347754 
1348027 
1348299 
1348572 


1363703 
1364064 
1364335 
1364606 
1864877 


90 

95 

99 

194 

108 

113 
117 
122 
126 
181 

135 
140 
144 
14V 
168 


1379994 
1380268 
1380532 
1380801 
1381070 


90 

94 

99 

103 

108 

112 
117 
121 
125 
130 


1396080 
1396347 
139661 1 
1396881 
1397148 


20 
91 
22 
23 
94 


96 
97 
26 
99 


1315925 
1316201 
1816477 
181G768 
1317029 


115 
120 
124 
129 
133 

138 
143 
147 
152 
156 


1332435 
1332710 
1332984 
1833258 
1333533 


1348845 
1349117 
1349390 
1349662 
1349935 


Hi 

118 
123 
127 
132 


1365148 
1866418 
1365689 
1365U60 
1366231 


1381339 
1381608 
1381877 
1382146 
1382415 


1397415 
1397682 
1397949 
1398215 
1398482 


111 
116 
120 
125 
129 

133 
138 
142 
147 
151 

156 
160 
165 
169 
174 

178 
182 
187 
191 
196 

200 
205 
209 
214 
218 


25 
26 
27 
28 
99 


89 
81 
88 
88 
84 


1317805 
1317580 
1317866 
1318182 
1318408 


1333807 
1334081 
1334335 
133462U 
1334903 


13502071136 
1350480141 
1350752146 
1351025J150 
1351297154 


13G6501 
1366772 
1367042 
1367313 
1367684 


1382683 
1382952 
1383221 
1388490 
1383758 


134 
139 
148 
148 
152 

157 
161 
166 
170 
175 

179 
184 
188 
193 
W7 


1398749 
1399016 
1399283 
1399549 
1399816 


30 
31 
38 
88 
84 


86 
86 
87 

88 
89 


13186b4 
1818959 
131923-) 
1819511 
1319786 


161 
166 
170 
176 
179 

184 

189 
193 
198 
202 


1335178 
1335452 
1335726 
1336000 
1336274 


160 
164 
169 
173 
178 


1351569 
1351841 
1352114 
1352386 
1352658 


159 
163 
168 
173 
177 


1367854 
1368185 
1368395 
1368665 
1368936 


158 
162 
167 
171 
176 


1384027 
1384295 
1384564 
1384832 
1385101 


1400082 
1400349 
1400616 
1400882 
1401149 


35 

36 

37. 

38 

39 


40 
41 
48 
44 
44 


1390062 
1329337 
1329613 
1320889 
1321164 


1336547 
1836821 
1337095 
1337369 
1337643 


183 
187 
192 
196 
201 


1352931 
1353203 
1353475 
1353747 
1354019 


182 
186 
191 
195 

200 


1369206 
1369476 
1369747 
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THE INDIA DIEECTORT ; 

OR, 

DIRECTIONS FOR SAILING TO AND FROM THE 
EAST-INDIES, CHINA, AUSTRALIA, 

AND THE INTERJACENT 

PORTS OF AFRICA AND SOUTH AMERICA. 

Compiled chiefly from Original Journals of the Honourable Company's Ships, 

and from the Observations and Remarks resulting from the Experience of 

Twenty-one Years in the Navigation of those Seas. 

By JAMES HORSBURGH, Esq., F.R.S., &c. &c. 

Fifth Edition, Two vols. 4to, cloth lettered, £4 6s. 



HORSBURGH'S CHARTS, 

(Containing all the Latest Surveys and Discoveries.) 

For the Navigration from Bngrland to India and China, and throughout 

the Bastem Seas, vix.— 

NORTH ATLANTIC OCEAN, 6s. 
SOUTH ATLANTIC OCEAN, 78. 6d. 
ANCHORAGE AT GOUGH'S ISLAND, 28. 
BIRD'S ISLANDS and DODDINGTON ROCK, 38. 6d. 
5 & 6. CAPE OF GOOD HOPE, S. E. AFRICA, and MADAGASCAR 
SEAS, Two Sheets, 10s. 6d. 
INDIAN OCEAN, 78. 6d. 
ARABIAN SEA and EAST AFRICA, 78. 6d. 
HINDOOSTAN COASTS and ISLANDS, 78. 6d. 
BOMBAY HARBOUR, lOs. 6d. 

GOA ROAD and RIVER, and MURMAGOA ANCHORAGE, 7s. Cd 
MALDIVA ISLANDS and CHANNELS, 6s. 
BAY OF BENGAL, 6s. 

PENINSULA AND ISLANDS op INDIA, EAST of BENGAL BAY, 9s. 
WEST COAST OF SUMATRA, 6s. 

STRAITS OF MALACCA and SINGAPORE, One Sheet, 78 6d. 
17, 18, & 19 STRAITS of MALACCA and SINGAPORE, Three Sheets, iss. 

20. STRAIT OF SUNDA, 68. 

21. STRAITS OF BANCA and CASPAR, 78. 6d. 

22. CARIMATA PASSAGE and BORNEO WEST COAST, 78. 6d. 

23. STRAITS OF RHIO, DURIAN, LINGIN, and SINGAPORE, 78 6d. 
24 & 25. CHINA SEA and COASTS ADJACENT, Two Sheets, 158. 

26. CANTON RIVER and its proximate CHANNELS, 78. 6d. 

27. EAST COAST of CHINA, Ss. 6d. 

28. BASHEE ISLANDS and CHANNELS between LUZON and 
FORMOSA. 38. 6d. 

29. 30, & 31. EASTERN PASSAGES TO CHINA, Three Sheets, £1 Us. 6d. 
32. PASSAGES through the BARRIER REEFS, AUSTRALIA 

EAST, 48. 



1. 
2. 
3. 
4. 



7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 




HORSBURGH'S EAST-INDIA PILOT, 

£15 6s. 




A NEW CHAET 



J 



OF 



THE ENGLISH CHMNEL, 



AND 



COAST OF FRANCE, 

TOGETHER 

WITH SAILING. DIRECTIONS FOR THE SAME, 

OV THE 

Coa£lts{ of eSnsIantr, i&ouii) ol 3(relantf, aM G|)annel ^t^Iantrst ; 

AND OTHER ORIGINAL DOCUMENTS, 

EXECUTED BY ORDER OF THE ENGLISH AND FRENCH GOVERNMENTS. 

TO WHICH ARE ADDED, 
OF ALL THB 

LIGHTS, SHOALS, BANKS, EOCKS, &c. 

Wip to tlft |3nijtnt Ctme. 

BY JOHN AND ALEXANDEE WALKEE, 

Price 12S.J or the Chart separate from the Directions, lOs. 6d. 

*^* In this Chart are given, in separate compartments on large scales, Plans of 
S PITHEAD and St. Helen's Road, with Portsmouth and Langstonb Harbours, 
Southampton River, Needles Channel, Weymouth and Portland Roads, Tor Bay, 
Plymouth Harbour, Falmouth Harbour, entrance to Cork Harbour, entrance to the 
Seine, and Sicily Islands. 



(Extracted from " The Times" December 16/A, 1844.; 

" The Shipowners and seafaring men, not only of England, but of every country, whose people go 
down to the>ca in ships and do business in the great waters, may be grateful for the publication of thiH 
Chart of the English Channel, compiled from the latest surreys, executed by order of the English and French 
Governments. Plans of the different ports on the French and English coasts aro given in separate com. 
partments on extended scales, eo that if pilots cannot come off through stress of weather, a careful and 
intelligent master may, by the assistance of this guide, run, on an emergency, into a harbour with which 
he is not personally familiar, or talcc up a safe berth in its neighbourhood. We notice a valuable addition 
in this Chart, namely, a statement of the distance at which the different lifthts along shore or afloat may be 
seen in clear weather. I'his Chart is accompanied by an improved and enlarged edition of a work already 
well known to Channel Idiots, The Sailing Directions of John aiid Alexander Walker, of Liverpool, lliese 
directions apply to the whole extent of the English Channel and the Coast of Franco abutting upon it, the 
Bristol Chaimel, the South of Ireland, and the Channel Islands. They have been compiled fVom trigono. 
metrical surreys and original document*, and contain a succinct but very conspicuous account of all thn 
lights, marks, shoals, banks and rocks upon the course described. With this Chart and its aocompanyiiur 
directions, the navigation of the Channel is marked out so distinctly, that no master, if he will only add tlio 
old. fashioned securities of the lead and look-out, through a neglect of which we fear, too many valuable ships 
have been cast away, ought to lose his vessel unless some tempest overtakes him, such as occur in these 
latitudes only once or twice in a century. To the " act of 6od'* we must all bow, whether on the mighty 
deep or on the firm land, but it is presumption to attribute to Heaven disasters caused by our own negligonco. 
We will say a parting word to shipowners, and that is, let them not be niggardly in their supply to mastcni 
of proper charts and instruments. An East Indiaman was lost some years ago near (!apo Lagullas with 
upwards of three hundred souls, solely for want of a good chronometer, for which the master begged before 
sailing, and warned the owners of the possible result of the want of one. And we were ourselves on board 
a ship not many months ago, where the master had been compelled, by the misplaced parsimony of thf' 
owners, to purchase a compass at his own expense to correct the defective ones supplied, and that upon :i 
passage where the error of half a point might have endangered the ship and all hands.'* 

LONDON : 

Wm. H. ALLEN AND CO., 7, LEADENHALL STREET. 

LIVERPOOL: 
J. AND A. WALKER, 72, SOUTH CASTLE STREET. 
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